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The writer is weU aware of what it means to add another 
book to those ab«ady in existence upon the subjects of Engineer- 
ing, Mechanics, and Machinery, and therefore feels Rotnewhat 
obliged to say a word or two which might seemingly justify his 
positioD in so doing. 

This history of pumping machinery to a very limited extent; 
this setting forth of a few general principli-s; this description of 
the leading types and classes of engines useil for pumping water 
for municipal or public supply; in short, the contents of this 
book are not produced for the purpose of introducing any 
specially new subject matter, but rather because it is desired 
upon the ^Titer's part to make an attempt to attract the inter- 

it of the great mass of students, engineers, water works man- 
Ts. and the men who attend to the practical operation of 
pumping engines in service, by presenting to them a well known 
subjpct in a form which it is hoped will iiold their attention 
in a pleasant and profitable manner, besides encouraging them 
to think about what they are reading. 

Books written upon subjects kindred to this one have been 
in many cases handled in a masterful manner from time to 
time, and by very high authorities. But there is a general 
feeling abroad, approaching, If not even quite amounting to a 
certainty, of averaon to deep and complex mathematical 
explanations and exhaustive and exhausting technical discus- 
son, with which text books and reference books abound. 
Therefore it is proposed herein to exhibit the work without a 
display of the tools by means of which such work has been 
ftocomplished, and it is supposed by the writer that this course 
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will excite the greatest attentioQ, and give the most of uaeful 
facto, with the least labor to the reader. This, accompanied 
by the touchstone of personal experience, will, it is hoped, make 
a strong appeal to human interest. 

Thow.* al)out to take up or to extend the study of steam 
engirif*H, puni[>s, and pumping engines, are often discouraged 
at thf^ vfTV .'^tart from approaching the matter as closely as 
tliey dc*Kirr>, by the complicated character of the opening pages 
of a gn*at many of the text books; and, althou^ natural laws 
and their principles and effects must be necessarily wrestled 
with to a very serious extent by the student at school, 
and otherH later, by way of substantial foundation for after 
life, it t¥H'iun as tliough there might be a small space available 
for a lKX)k wlik-li deals if^ith the subject in a somewhat primi- 
iivir manner, in plain every-day words, without taking too 
rntjrh knrmleilfrc for granted upon the part of the reader, and 
with i\w alrnoKt total absence of mathematical details. If the 
Kfijd#'rit or the laMiian hesitates at the smaller books, some of 
whirrh ;in! really too brief upon important points and often 
ft^uffie \tn) much knowledge of principles and details upon the 
f/^rt. of i\it' n-adfT, then it may \ye imagined with what thou^ts 
ari'l feelin^H tlie iK'ginncT or the seeker after knowledge 
if\f\n(ffxr\ii'H thf! largcT l)ooks, which go so thorou^y into 
UttwiU- drtiiil-;. liesides all this, even a person of experience 
^iVt'i* \i, y^'t: H/)rriet!iing in print which clearly and unmistakably 
t/fiu* \i\t.* with his own views. It makes him feel that he is not 
ffii;-trik<-f, in his own course and ideas, which is more or less 
astft'jrin;'; to anyone. 

In thi; j Mowing pages it has lx»en considered best to com- 
fuiui'M fit / rjf;!'^ aft/rr a few words of introductory character 
ari'l r;f hiht.orieal interest, with a description of the hi^est 
alt;iif,fnerjt»- of pumping engines and a comparison between the 
ut.ixit'^rS, finurticable approach as shown by the Mariotte curve, 
to tJi#roretir.jil lines in steam expansion, and the actual practice 
of l/«jilding and ofXTating such machinery upon a large scale. 
In tliis way a H<jrt of reflected object lesson is brou^t 
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before the mind wiUi a very near approach to a practical 
denionstralion of the princtpleB involved; and after this intro- 
tiun, briu^iig in oniy the most important pointi such as 
or boiler pressures, ratios of steain expajision, tiicoretical 
best actual vacuum, receiver and counter proasures, 
n jackets and the oraount of steam u^^ed or wasted in 
jackets: the subject is then carried along natural lines 
iching upon the relations between slcam ami coal con- 
sumption, the investment value and cost;^ of pumping plants, 
taking in the various tj-pes and classes of pumping engines 
l«fit and present, with mention of a few of the more promi- 
nent details of const mction, kinds and qualitie.s of materials, 
and finally finisliing with the principles and practices in- 
^^vplvcd in duty tests of pumping machinery for water works 
^^Brvice. 

^^^BKow, this demonstration by means of drawings, figures, and 
^^^^Btures alone, is nothing like so easy or effective as contact 
^^^H$ C3cperience with, or even observation of, the machinery 
^^^Brif; and since the subject-tnatter herein cannot possibly be 
^^Tramed from books alone, it is strongly recommended by the 
writer that the thoughts the reading of this book may give 
I rise to, 1)6 supplemented by the observation of pumping engines 
■^■t operation, and as much practical exp<Tience as it may be 
^^^KVenient or pos.'^ble to acquire. In fact it is assumed that 
^^^^pts book is to be used either to finish up a course at school 
I or college, or to assist a practicing engineer, or a running engi- 
neer at a pumping station, or a fireman in the Iwiler room, or 
water works managers and supcriutondents, (o understand what 
can be done with a pumping en^ne under various conditions 
and in difTerent situatinnx. 

Tib view has I)een taken herein, that the reader, especially 
E is a l»eginner, should not be confused at the start by nien- 
tng nuinl)erless posMihilities and conditions, no matter if 
f may be extremely interesting on their own account. The 
t has been rather to present types and classes, and to impress 
. the reader's and tlic student's attention the fact that 
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after all, such types and classes of machinery are subject to 
numerous modifications and variations in order that the ever 
changing and differing conditions found at different pumping 
stations may be effectively met to the best advantage, all 
thing? considered. 

CHARLES ARTHUR HAGUE, 

New York, 1907. 



CONTENTS 

CHAPTBB FAOa 

I Thb Pumping Enoinb 1 

II HlffTOBICAL 8 

in Economic Stbam Duty 22 

IV The Advent op Triple Expansion 35 

y The Mariotte Curve 47 

VI Steam Jackets 63 

VII Coal Duty op Pumping Engines 79 

VIII Actual Conditions op Pumping 92 

IX The Worthinoton Duplex Pumping Engine .... 105 

X The Hollt Quadruplex Pumping Engine 122 

XI The Gaskill Pumping Engine 133 

XII The Reynolds Triple Expansion Pumping Engine . 143 

XIII Various Types and Classes 166 

XIV Pumping Engines Adapted to Conditions 185- 

XV Installation op Pumping Engines 198 

XVI Investment Value op Pumping Engines 216 

XVII Suction Lipt and Suction Pipes 230 

XVIII Water Passages and Water Valves 241 

XIX The Water Plungers 250 

XX Air Chambers 267 

XXI Steam Piston 275 

XXII Steam Cylinders 288 

XXIII Cross Heads 304 

XXIV Frames and Bedplates 314^ 

XXV Material por Pumping Engines 331 

XXVI Duty Tests op Pumping Engines 345 



ILLUSTRATIONS 

Tiauaa paob 

1 Hero's Steam Engine 9 

2 Savery's Pumping Engine 10 

3 Model of Papin's Piston Engine 11 

4 Newcomen's Pumping Engine 12 

5 Leupold's Pumping Engine 13 

6 Watfs Engine, 1769 17 

7 Watt's Engine, 1781 20 

8 Watt's Engine, 1784 21 

9 Simpson's Pumping Engine, 1848 30 

10 The Mariotte Curve in a Single Cylinder 51 

11 The Mariotte Curve Through Three Cylinders 53 

12 The Mariotte Curve in a Sin^e Cylinder in Practice 56 

13 The Mariotte Curve in Triple Engine in Practice 57 

14 The Mariotte Curve Showing Range of Temperature 75 

15 The Original Worthington Low Duty Pumping Engine 106 

16 Standard Rubber Valve and Seat 110 

17 Worthington High Duty Horizontal Compound, Perspective 112 

18 Worthington High Duty Horijsontal Compound, Sectional .... 114 

19 Worthington Compensating Cylinder Diagram 115 

20 Worthington Horisontal Compound, High Duty 116 

21 Worthington Horizontal Triple, High Duty facing page 116 

22 Low Duty Worthington Triple, Horizontal facing page 1 17 

23 Worthington Vertical Triple, High Duty 118 

24 Holly Quadruplex Pumping Engine, Perspective 124 

25 Holly Quadruplex Pumping Engine, Sectional 125 

26 Gaskill Horizontal Compound Pumping Engine, Perspective . . . 134 

27 Gaskfll Horizontal Compound Pumping Engine, Sectional .... 136 

28 Gaskill Horizontal Triple Pumping Engine facing page 136 

29 Pump Valves of Gaskill Engine 138 

30 Latest Gaskill Horizontal Compound Pumping Engines, facing page 140 

31 Latest Gaskill Horizontal Compound Pumping Engines, facing page 141 

32 Reynolds Beam Pumping Engine, Milwaukee 144 

33 Sectional View of Refolds Beam Pumping Engine 145 

34 Reynolds Three Cylinder Compound Pumping Engine 146 

35 Reynolds Three Cylinder Compound Pumpmg Engine 148 

36 Cage Construction of Pump Valve Seats 150 

37 Cage Construction of Pump Valve Seats 151 

38 Steam End of Reynolds St. Paul Pumping Engine 152 

99 Rejmokls Triple Expansion Pumping Engine 154 

ix 



X ILLUSTRATIONS 

FIQURB P1A« 

40 North Point, Milwaukee, Triple Pumping EIngine 156 

41 Reyn<dd8 Self-Contained Triple Pumping Engine . . facing page 158 

42 Air Chambers Supporting One End of Bedplates 162 

43 Compound Non-Condensing Woithington Elngine . . facing page 168 

44 Low Duty Worthington TrifAe Expansion Pumping Engine 

facing page 170 

45 Section Through Worthington Triple Cylinders . . . facing page 171 

46 Worthington Horizontal, High Duty Triple 171 

47 Worthington Vertical, High Duty Triple 172 

48 Snow Horizontal Cross Compound Pumping Elngine . facing page 172 

49 AUis-Chalmers Horizontal Cross Compound Pumping Engine 

facing page 173 

50 Piatt Iron Works Company Horizontal Cross Compound 173 

51 Allis-Chalmers Vertical "A'' Frame Compound . . . facing page 174 

52 AUiB-Chalmers Vertical Tower Frame Compound and Triple 

facing page 175 

53 Gaskill Horizontal Triple Pumping Engine facing page 176 

54 General View of d'Auria Pumping Engine facing page 177 

55 Hydraulic Loop of d'Auria Pumping Engine 177 

56 Flatt Iron Works Company Compound Direct Acting Pumping 

Engine facing page 178 

57 Flatt Iron Works Company Cross Triple Direct Acting Pumping 

Engine facing page 179 

58 General View of Groshon Pumping Engine 180 

59 Side Elevation of Groshon Pumping Engine 181 

60 Coriiss Pawtucket Pumping Engine, by Geoige H. Coriiss .... 182 

61 Leavitt Lawrence Pumping Engine, by E. D. Leavitt 183 

62 Reynolds Milwaukee Pumping Engine, by Edwin Reynolds .... 184 

63 Foundations on Rock inside of Pumping Station 204 

64 Engine Foundations on Concrete Piling 207 

65 Engine Foundations on Concrete Piling 208 

66 Typical Pump Valve for Water Works Engines 243 

67 Typical Pump Valve for Water Works Engines 244 

68 Diagram of Crank and Plunger Movements 253 

69 Plunger and Ring Pump 259 

70 Inside Packed Plunger 261 

71 Center Packed Horizontal Plunger 262 

72 Center Packed Vertical Plunger 263 

73 Vertical, Outside Packed Differential Plunger 264 

74 Vertical, Outside Packed Single Acting Plunger 264 

75 Steam Piston, 16 inches Diameter 277 

76 Steam Piston, 23 inches Diameter 279 

77 Steam Piston, 30 inches Diameter 281 

7S Steam Piston, 56 inches Diameter 284 

79 Steam Piston, 84 inches Diameter 285 

80 Section of Steam Jacket Cast on the Cylinder 292 



ILLUSTRATIONS xi 

riOVRE FAOB 

81 Section of Steam Jacket Cast on the Cylinder 292 

82 Reynolds Steam Jacket, Separate from Cylinder 292 

83 Bottom Q^inder Head with Reynolds Steam Jacket 293 

84 Enlarged Section of Upper End of Cylinder and Jacket 293 

85 Section of Cylinder Head with Corliss Valves 294 

86 Section of Steam Cylinder with Side Pipes 294 

87 Cylinder Section with Ribs and Pipe Nozsles 295 

88 Poppet Valves aosed 296 

89 Steam and Exhaust Valves off the Seats 296 

90 Ports of Corliss Valves across the Heads 297 

91 Ports of Corliss Valves across the Heads 297 

92 Leavitt Steam Jacket, Designed by E. D. Leavitt 299 

93 Enlarged Section of Leavitt Steam Jacket 300 

94 Cross Head of Early Worthington Engine 305 

95 Later Worthington Cross Heads 306 

96 Early Gaskill Cross Heads, High and Low Pressure 307 

97 Later Gaskill Cross Heads 308 

98 Cross Heads of Cross Compound Pumping Engine 309 

99 Worthington, Vertical, High Duty Cross Head 310 

100 Forged Steel Crt)ss Head for Vertical Triple Engine 311 

101 Cast Steel Cross Head for Vertical Triple Engine 312 

102 Framing of Holly Quadruplex Pumping Engine 318 

103 Framing of Later Worthington Pumping EIngine 319 

104 Framing of Later Gaskill Pumping Engine .... facing page 320 

105 Allis-Chalmers Cross Compound Framing facing page 321 

106 Flatt Iron Works Cross Compound Framing 321 

107 Snow Cross Compound Framing 322 

108 Vertical Pumping Engine with Two Piers, Holly Manufacturing 

Company facing page 322 

109 Vertical Pumping Engine with One Pier 324 

110 VerticalPumpingEngine with all ''A'' Frame 325 

111 Latest Type of Self-Contained Engine, Irving H. Reynolds 

facing page 326 

112 Framing of Worthington Vertical Triple Engine 329 

113 Main Pillow Kock for Crank Shaft 341 



■ I 

I 



DMPING ENGINES FOR WATER WORKS 



CHAPTER I 
THE PUMPING ENGINE 

When a substance, as, for example, coal, goes through the 
process of burning in a furnace anil [iiakes what is known as 
fire, a particular form of energy is produced tenned heat ; and 
such a proceas is called combustion. 

If the heat is applied to a fluid, as, for exauiple, water, a 
form of gas is produced ; and such a gas is called st«am. The 
temperature at which steam is produced varies with the pres- 
sure; at ordinary atmospheric pressure the temperature i,s 212'' 
Fahrenheit . 

When steam is formed within a vessel not closed, as, for 
example, a teakettle, the pressure will remain that of the 
atmosphere, and the temperature at 212° Fahrenheit. If the 
steam is confined in a closed vessel, as, for example, a steam 
boiler, the pressure can be utilized; and the greater the amount 
of heat applied to the boiler, the more steam will be made, 
the greater the amount which can be utilized, and the greater 
the temperature and pressure will be. 

From the boiler the steam can be conveyed through a pipe 
to a closed receptacle known as a cylinder; and within this 
cylinder can be placed a disk called a piston, fitted to a rod; 
the piston is capable of moving freely in the cylinder. The 
steam can press the piston fon^'ard and backward, or upward 
and downward, as the case may be, within the cylinder, and so 
produce motion of the piston rod. 

The motion of the piston rod, impelled by the piston, which 
*u turn is driven by the pressiUT! of the st«am within the cyl- 
inder, is emplovcd in many ways as shown by the great variety 
of formii and work of the steam en^ne. In this book, however, 
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2 PUMPING ENGINES 

the work of the steam engine is considered only with reference 
to the pumping of water for public supply, and in the form of 
steam machinery known as the water works pumping engine, 
which is a machine consisting of one or more steam cylinders 
and one or more water cylinders, with appropriate supports, 
framing, and working parts, so as to utiHze the heat energy in 
the useful work of pumping. 

The first duty of a pmuping engine is to pump w\\ter; to 
do this successfully and continuously. And it matters little 
what else it can do if it cannot do this. If it fails in this, it 
fails in its most important mission and in its reasons for 
existence. 

Next to reliability and durability in continuous operation, 
comes economy in steam consumption. And to combine relia- 
bility, durability, and stiam economy, a great deal of thou^t, 
study, and effort, have l)een expended upon the pumping engine 
for more than a hundred years. 

There have been pumping engines designed and built in which 
the repairs have been excessive, and the necessary stoppages 
have been costly, troublesome, and annoying; althou^ when 
actually in operation steam economy has been reasonably hi^. 
Some engines meeting fairly well the requirements of steam 
economy, but lacking in durability, have something radically 
wrong in their makeup or in their adaptation to the conditions 
of the work to be done. 

The necessity for staying qualities must be clearly recog- 
nized at all times, although at each successive step along the 
line of changed economic conditions, new, or at least different 
f difficulties in the matter of construction and of working forces 
have been successively met and provided for, until to-day it 
looks very much as if the practical and indeed the theoretical 
limits of design and efficiency have been at last reached. 

There have been pumping engines designed and built in 
which the repairs have been next to nothing, or at least at a 
very low rate, althou^ such pumping engines have been in 
nearly continuous service for over twenty years. Such engines 
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met to a very satisfactory degree the requirements of 
reliability and durability, but have been considered low iu 
steain economy. 

.\nd so for many years there has been urged a sort of engi- 
neering and commercial warfare between the contending forces 
representing low and high economy in steam consumption, or, 
according to the old war cries so well known and remembered 
by tiiose who were active in the water works field twenty years 
ago, "low duty" and "high duty." 

The simplicity and directness of the best types of the low 
duty pumping engines have never been equaled by the high 
duty machines. Simplicity of construction seems to be a com- 
panion of low duty; and it seems to be impossible to separate 
coinijarative complication from high duty. Tlie value of coal, 
the value of capital, and the daily capacity per unit, have been 
important factors in the problem. And ao the contest has 
gone on until with greatly increased pumping capacity in a 
single engine; gn^ally modified cost in construction, partly from 
simpler designs and partly from better shop management; 
greatly reduced rates of bond interest ranging from S per cent 
in 1873, dottii lo 3i per cent at the present time; station 
duties based on all coal burned, ranging from 111,000,000 to 
135,000,000 annually, with a low rate of repairs; with all these 
and some minor items, the higli duty pumping en^ne has 
forged aliead and to the front, and the low duty engine has been 
ited to rather small capacities where fuel is very cheap. 
it of course Uome was not built in a day, and no matter 
clearly the higher altaininents may now appear, the road 
to these attainments in modern putnping engineering has been 
long, expenave, and troublesome to travel, both for builders 
sod for buyers. And as in all en^necring endeavors to improve 
lot of mankind by means of the adaptation of natural forees 
resources to his use, notwithstanding the hard work, occa- 
il fallings out, and even threatened warfare so to speak, 
ihe inherent and evorlasling good will which is really at the 
bottom of industrial progres.^s persistently holds ita own. 
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4 PUMPING ENGINES 

It is not the purpose of this book to consider what at the 
present time would be termed ancient methods of raising water, 
although the fact was evidently recognized a long time ago, 
that progress in the well-being of mankind depended a very 
great deal indeed upon a plentiful supply of water; good and 
wholesome if possible, but water at all events. The particular 
point of good and wholesome water did not then have to be 
driven home so incisively for the good and simple reason that 
the opportunities for pollution and unwholesomeness were much 
less frequent centuries ago than now, at this time we call the 
present, when the great concentration of inhabitants now to 
be observed as taking place in all parts of the civilized world. 

No attempt has been made herein, in fact quite the contrary, 
to exhibit the tools so to speak, such as intricate rules and 
formula, with which the work of the book has been accom- 
plished; and all statements of facts, and all views of the writer, 
have been brought down to plain and i^mple language so far 
as the technical nature of the subject will permit. Further, 
it is not the purpose, and it is not hoped, to teach very much 
to the regular designers and manufacturers of pumps and pump- 
ing machinery, although judging from past performances, a 
hint or two in their direction now and then would not be amiss; 
and, therefore, all ideas of giving instruction to designers and 
manufacturers will be limited to the pointing out of the fact 
that a dead engine in the shop, being built and put together 
in a sort of preliminary way, and necessarily so of course, is 
a totally different animal so to speak, from the live machine 
under steam and water pressure, doing work in its actual field 
of usefulness. This difference does exist, as the writer knows 
from experience during something like thirty ^ years, and 
embraces all kinds and qualities of designers and builders. 
None escape. And it is useless and a waste of time to try to 
escape entirely. The thing to do is to carefully design a pump- 
ing engine to suit the conditions presented, and see that the 
designer gets the ri^t conditions; have his drawings made by 
experienced men, have the work put through the foundry, the 
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fivge, the machitif shop, and the different Inghways and byways 
of construction, ship it to its destination and erect it upon the 
foundations pri-pan-d. And, whafcevtT in the way of huniaji 

tikneas there may hn refiectcd in the machine, put it dowii in 
expericiict- lx)ok for future avoidance or use, do the best 
,t can he done and let it go at that. All .seem to fare alike, 
coinmercial product from llie highest sources, the special 
ign njrcially built at fifty per cent advance over the com- 
rciftl ariiclf, and the veriest runt of a machine that ever 
attempted to pump water. And this is not WTitten in a spirit 
of blame; but to state a condition of things inseparable from 
human naliirc, and to let the buyer of pumping engines know 
the hopeleiit^ness of seeking ixrfection acconfing to his ])et ideas. 
Bui then' are a large number of people aside from manufac- 
turers greatly intei-csted in the subject of water works pump- 
ing engines. Those who buy such machinery either for their 
own investments or as representatives of municipal corpora- 
tions; thosi' who endeavor lo advise and counsel in the adapta- 
tion of different classes and types of pumping machinery to 
rarious Miluations; and those who have the care and responsi- 
bility of such machinery in it« daily operation. In other words 
this book is intended mostly for the owners of water works 
plants, 5iich as water works companies; for water commis- 
. eiontrs, boards of public works, and similar nmnicipal author- 
ities; for city cn^neors, consulting engineers, and professional 
gineera generally who are interested in the subject of tho 
lallation of water works engines: and for the men in the 
Bice, in the engine room, and in the boiler room, who are 
rppponsible for the economy and efficiency of the plant all 
along the line from the coal pile in the bunker, to the water 
^pply ill the reservoir or distribution. 

kTfae importance of public water supply can scarcely Ix^ 

lerestimated in connection with the life and growth of cities 

I towns, and inde«d is only limited by the value of the cities 

and towns thentselves. Just at the present time the subject is 

ttf particularly widespread interest, covering the items of quan- 
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tity, quality, supply, economy, and distribution. Those for- 
tunate communities so situated that impounded gravity supplies 
of water are practicable and available, are comparatively few 
in number; and even at that, after the main supply has been 
delivered for distribution, it is found that the necessity often 
arises for providing methods for suppljring the hi^er districts 
of a city by means of supplementary or "high service'' pump- 
ing. Indeed the very fact that a city is situated where hills 
are hi^ enough and near enough to provide a gravity supply 
of water, indicates by the general formation of the country 
that high service conditions are extremely possible in the city 
itself. But apart and aside from the few cases of gravity sup- 
ply, very many, in fact a great majority of cities and towns 
depend upon pumping for hbth their main and auxiliary sup- 
plies of water, and in passing it might be well to mention that 
the relative desirability of gravity and pumping supplies in 
their order of value seems to be as follows: 

Gravity supply from lakes or impounded streams at proper 

elevations. 
Gravity main supply with auxiliary pumping for hi^ service. 

Reservoirs. 
Gravity supply with auxiliary pumping supply for all services. 

Reservoirs. 
Pumping from streams or lakes to storage and distributing 

reservoirs. 
Pumping from streams or lakes to standpipes for distribution. 

No storage. 
Pumping from streams or lakes directly to distribution. No 

standpipes. 

The importance then of the water works pimiping plant, and 
of the pumping engine itself may be easily comprehended by 
the most casual investigator of the subject. And following 
this line of thought the cjuestions of desirability; capacity, 
type best adapted, highest practicable measure of real economy 
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in operation, and other appropriate details come immediately 
to the front. But before going into particulars as minutely 
and closely fitting as may be, in the absence of specified cases 
to deal with, it will be of interest no doubt and also a fair guide 
to the mind to briefly review the steps heretofore taken in the 
past, by the investigators and producers of pumping machin- 
ery, constantly spurred on by competition in business and by 
the pride of accomplishment, until to-day a point has been 
reached not even dreamed of three or four decades ago. And 
as we pause and glance backward along the roadway of prog- 
ress, there rough and rocky, here smooth and pleasant, up hill 
and down dale, dead level and what not, it all seems very inter- 
esting and mostly satisfactory, to review and observe the testi- 
mony and evidence of the struggle which we may now safely 
call successful, and again pause and endeavor to realize the 
hard work, the gropings in the dark, and the toiling years that 
have gone before. 
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History repeats itself. The earliest written history in which 
heat takes steam for a vehicle in iU' performance of work by 
means of mechanism made by human beings, sets forth the 
steam turbine driven by the reaction of steam jets. This was 
about 130 years before the Christian Era. The steam turbine 
is again with us. But whether this portion of the cycle of 
events is at or near the top, or at or near the bottom, is not 
yet evident. The first full fledged steam turbine driving a 
water turbine so as to form a turbine pumping engine in the 
real sense of the term, and of a capacity and importance suflS- 
cient to establish its status in the water works field, is yet to 
come. The steam turbine and the water turbine have their 
proper fields of usefulness no doubt, but they have not been 
clearly defined. 

There are in this country and in Europe eminent and hi^ly 
8UCC08sful engineers who predict that the steam turbine will 
gi> into hiding again wtliin ten years. They are no doubt 
nintTre in their convictions, but they may be mistaken or preju- 
tUrcHl against the turbine, although the even balance in which 
they haw heit»tofore held the scales of investigation place them 
lilgli up in their profession, and they have no special interest 
giving an adwrse judgment. 

Ttl, 1 »how8 a picturo of Hero s steam turbine which as will 
%idtty seen was of the reactionary class, and evidently 
Ml rtnk >'wpy high in the scale of economy. 

^ mising erf water by steam jxi^-er, by condens- 
wtthin a cltM^i \*e6^^ was kno^n and the fact 
t Mm b that the xtis^I being connected by 

I 
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a suitablf pipe with a body of water, the admission 
of steam into an air ti^t vessel would drive out the atmos- 
pheric air, and then uiwn the condensation of the steam, the 
fiupply being shut off, a vaeuurn or a partial vacuum being 
produced, the water would a-^oend the pipe and fill the vessel. 
In 1615 the idea was known of sending a jet of water to a 
Lgreat heiglit by means of steam pressure acting dii-ectly upon 
|the surface of the water, within a 
closed vessel provided with an 
utlet pipe for tlie ejection of the 
irater. 

In 1629 it was well known that 
;he impulse of steam against vanes 
Latlached to a wheel, would develop 
motion and power, which is of 
Kursc fiirther evidence of the 
turbine idea 1759 years 
Bftfter the Hero device. 

In U)56, or as some records have 
1663, there was described a 
machine for raising water by Bteatn 
prtrssure, and so far as the record 

1 he interpreted this is the first | 

Attempt to rwse water by wieara 

reKiure when the steam was gcn- 

' erated in and supplied from a vessel separate from the vessel 

in which llie water was raised, This marks the birth of the 

pumping plant microbe so to speak, in which a separate 

''boiler" was employed to generate the steam, and separate 

v\h or chambers used to manipulate the water to 1h" raised. 

lius the water works |)umping plant as now used in principle, 

^as its age revealed; taking the earlier date, this is 250 years. 

The iJ^avery pumping engine with a date of 1697 seems lo be 

e first one in which it was attempted to "lift" water by what 

! now call "suction" and in the same machine al.so lift or 

fforce" the water to a considcr-able height above the engine. 
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So that the pumping engine as a "lifting" and a "forcing" 
machine combined, is onJy about 200 years old, or 209 accord- 
ing to the recorded dates. The Savery pumping engine gave 
a practical impetus to the hydraulic idea of raising water under 
pressure, and was very usefully employed for mine pumping 
upon what at that time must liave been a. lilxral scale. 

Fig. 2 shows a sectional picture of the Savery pumping 
en^e, which gives a very clear idea of this early machine. 

In the pumping machinery up to and inciudii': the Savery 
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engne, the steam acted mostly hy its pressure directly upon 
the surface of the water and without the intervention of pistons 
and other communicating mechanism, as shown in the most 
advanced development of the Savery en^ne in 1697 indicated 
in Fig. 2. 

But in 1690 the idea of the piston, now so well known, to 
communicate the power and motion derived from the steam, 
to mechanism, had already been l)orn, and the record giveS 
Denis Papin credit for the invention. Papin was also the 
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bventor of the safety valve for Bteaiii boilers, now considered 
iolutely necessary wherever steam is used. The piston in 
[he sleaiii cylinder was first exhibit^'tl in a model, and in this 
model the water, a small quantity, was placed in the bottom of 
vertical cylinder, the piston resting upon the water. The 
application of heat beiieath the cylinder generated steam and 
Irove the piston to the top, whence by the condensation of the 
ieain and the formation of a vacuum thereby, the piston was 
riven down again to the bottom of the cylinder by the pres- 
j of the atmosphere, or the air we breathe; the air as many 
low exerts a pressure of nearly fifteen 
knmds per sc]uare inch agunst the sitles of 
iny air tight vessel containing a vacuum, 
entire absence of air or vapor. From 
the idea of the cylinder and piston there 
followed the further ideas of driving pumps 
and rotative machinery. 
^^^ Cawley, Newcomen, Savcry, and others 
^^Rttsed the piston, the separate boiler, and 
^^r surface condenser, and so designed the ^tU 
' known mine pumping engine operated by 

atmospheric pressure a^ in the Papin model. 
^^ To aid the condensation of the »team, and 
^^kmake the engines work more rapidly and 
^^Ksntjmptly, the initial form of the jet condenser was inirodnced, 
^^^^M' iiijeeting cold water into the steam cylinder itself. 
^^^B Devices for making the engine open and close its own valves 
^^^Hlere soon introduced, the first by Humphrey Potter; and then 
I tlic valves and valve gear were improved by Brighton. 

Then Leupold came along in 171i5 or thereabouts, with higher 
steam pressures, so improvement followed improvement, by 
Smeaton and others, until by 1770 this form of pumping engine 
ill which steam -w&s applied beneath the piston, and the atmos- 
lere applied on lop of the piston, first one and then the other, 
Kame fiUly up to date for its linie, the state of the machinist's 
t, lools, and appU&nces generally, considered. 
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The following figures show pictures of the various steam 
pumping engines with their dates of invention or existence: 

Fig. 2. Savery's pumping engine, 1697. 

Fig. 3. Model of Papin's piston engine, 1690. 

Fig. 4. Newcomen's pumping engine, 1705. 

Fig. 5. Leupold's pumping engine, 1725. 
Up to about 1770, Smeaton had perfected so far as possible 
what is known as the atmospheric engine, considering the uncer- 
tain and unknown lines then being followed. By the atmos- 
pheric engine is meant the engine at that time in the field, in 




Fig. 4. 
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which the pressure of the atmosphere on the upper surface of 
the piston of an open top vertical c\lmder was an important 
element. 

In 1736 James Watt was born, and in 1759 he entered the field 
of steam engineering. Up to the advent of Watt the progress 
in steam engineering had been confined to making small altera- 
tions in specimens then in existence, and with very limited results. 
The steam engine as then designed and constructed represented 
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rude accomplvshmcnts, a very large amount of waste, and a 
very small nieasure of efficiency. 

When Watt came in contact, with the subject of steam, he 
endeavored to gr&sp it broadly, and accordhig lo the scientific 
lights of the times. In fact Watt was the first scientific steam 

gioeer, and ma<le a very great success of the matter. Ik- 
ick out on broad principles, instead of narrowly following 
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precedent* and the then existing example?. He dealt with 
principles instead of details, and the detuls soon suggested 
ihemselves. He determined from what he could learn from 
the nature and action of steam, that the steam cyhnder in which 
the steam did tlie work, must be kept hot; and that a condenser, 
which he had introduced as a complete and separate vessel from 
the steam cylinder, must be kept cool. And in carrying out 
tbew underlying principles he introduced a steam jaeket, and 
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the separate condenser, which are used to this day. With 
Watt also came the cutting oflF of the steam within the cylinder 
before the stroke was finished, early or late according to condi- 
tions, and the completion of the piston's stroke by the expan- 
sion of the steam within the cylinder independently of the boilers. 
Also the double action engine with its closed cylinder top and 
a stufl^g box for the piston rod to work through, and with 
steam driving the piston throughout both strokes. 

The use of the crank which we now know so well in all sorts of 
machines aside from the steam engine itself, was introduced 
about this time to produce rotative motion of a shaft from the 
reciprocating motion of a piston, and its invention was disputed 
between Watt and Pickard, the latter however obtaining suffi- 
cient advantage in the controversy to obtain a patent on the 
crank, thus compelling Watt to use the device known as the 
"Sim and Planet" motion until the patent on the crank had 
expired. The crank was the better, in fact the best of all devices 
for the purpose, and was adopted and used by all steam engine 
builders where rotary motion was desired. Watt had made 
most of his inventions of the above mentioned details, together 
with some minor ones, by 1784, including the parallel motion 
for conveying the straight piston rod motion to the vibrating 
end of the working beam; the governor for regulating speed; 
and the steam engine indicator. 

In 1769 Watt wrote a specification to cover his inventions 
and researches, and the writer considers them of sufficient his- 
torical interest to give them here in full, aside from the fact 
that to this day this specification embodies the principles which 
the scientific development of the steam engine are based upon. 
Watt's specification, with the language slightly changed in 
places to suit the present time, is as follows: 

First: That vessel in which the powers of steam are to be 
employed to work the engine, which is called the cylinder in 
common engines, and which I call the steam vessel, must during 
the whole time the engine is at work, be kept as hot as the steam 
which enters it; first by enclosing it in a case of wood, or any 
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other materials which trau-imit heat slowly; secondly, by sur- 
lundiiig it with steam or other heated bodies; aud, tliirdly, by 
suffering neillier water nor any other substance colder than the 
III to enter or touch it dui-ing that time. 
]<£econdly: In engines that are to be worked wholly or partially 
coudemiation of steara, the steam is to be condensed in vessels 
distinct from the steam vessels or cylinders, although occasionally 
communicating with tlieiii; these vessels I call condensers; and, 
whilst the engines are working, these condensers ought at least 
tu Iw kept as cold as the air in the neighborhood of the engines, 
by tlie appUcalion of walcr or other cold bodies. 

Thirdly: Wliatevcr air or other elastic vapor is not condensed 
by the cold of the condenser, and may impede the working of 
Uie engine, is to lie drawn out of the steam vessels or condensers 
means of pumps, wrought by the engines themselves or 
^rwise. 
Fourthly: I intend in many cases to employ the expansive 
force of steam to press on the pistons, or whatever may be used 
instead of them, in the manner in which the pressure of the 
atmosphere is now employed in common engines. In cases 
where cold water cannot be had in plenty, the engines may be 
wrought by this force of steam only, by discharging the steam 
the air after it has done its office. 
'Fifthly: ****** Rotary engine. 
irthly: I intend in some cases to apply a ilegree of coKi not 
hie of reducing the steam to water, but of contracting it 
dderably so that the engine shall be worked by the alternate 
and contraction nf the steam. 
l^Mly: Instead of using water to render the pistons and other 
of the engine air and steam tight, I employ oils, wa.\, resin- 
bodies, fat of animals, quick silver and other metals in their 
fluid state. 

Contemporary with James Watt, there li\%d Jonathan Horn- 
blower, who in 1781 invented and patented the double cylinder 
or compound engine with two cylinders of different diameters 
aod in some ca.'sea with different lengths of stroke. Steam 
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was admitted as at the present time into the smaUer cylinder^ 
and after doing work there was exhausted oA'er into the larger 
cylinder and was again emfdoyed against the second piston. 
Homblower soon found, especially in those days of compara- 
tively low steam pressure, that the use of a separate condenser 
was necessary to the success of his engine, and this threw him 
into antagonism with Watt, practically placing a fatal obstacle 
in his path. 

In 1S04 Woolf again brou^t forward the compound steam 
engine, and althou^ it was essentially the same in principle as 
Homblower 's invention, it often bears the name of Woolf to 
the exclusion of that of its real inventor. Woolf employed 
what was then considered Iiigli steam pressure and cut cSi in 
the smaller cylinder, beginning the expansion in that cylinder 
and continuing it througiiout the full stroke of the larger cylin- 
der, a plan of oj^eration extensively used with pumping engines 
during the past twenty years. The application of Watt's con- 
denser to the so-called Woolf coinpoimd engine, marked a step 
forward which hjL< laste^l even into the present day, and L« 
regarded as the only material improvement of importance since 
the improvements of Watt. The wonomy of the compound 
engine was clear enough at the time of its introduction and up 
to 1S14 it came along rapidly, but the steam pressures of that 
day were too low to enable it to compete with the single cylinder 
Cornish engini* carrying an equally high pressure, and cutting 
off at an early point in the stroke, which the (*ornish engine of 
Trevithick wa< enabled to accomplish by virtue of the massive 
pumj) nxls then usi'd in connection with the deep mine piunps. 
What is undoubtedly the chief advantage of compounding, or the 
use of nmltiple cylinders, wa^ not thought of for many years 
after the invention of this fonn of the steam engine, and in fact 
was probably hidden on account of the limited steam pressures 
employed. That is the limiting of the range of temperature 
in any one cyhnder. 

In 1845 the compound idea was again brought to the front by 
McNaught, for the purpose of gaining power where it was not 
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cxHTVenient to put in a newer and largfT engine. A higher steam 
pressure was uwd for the reason that it was no doubt seen that 
to gain anything ivith the additional cylinder this snialltT cylin- 
der must have available for its piston, a steam pressinc sonie- 
wliat above that formerly employed in the old and larger cylinder 
lausting into the condenser. The additional power was 
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obtained from the new high pressure cylinder, and the steam 
rejected by it was utihzed by the low pressure cylinder, leaving 
the latter about under the conditions as formerly. After this 
ori^nal McNaught experiment was found to be successful, other 
entries were improved in the same way, and it was found that 
not only wa« [Kjwer giuned due to the actual additions to pistons 
and pressures, but a distinct gain in economy of steam and fuel 
fBBoIted a6 well. 
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In 1850 the compound engine appeared as a water works 
pumping engine at the Lambeth and other water works plants. 
In 1854 it went into marine practice; and in 1857 the receiver 
between the high and low pressure cylinders was introduced 
with reheating faciUties, thus departing from the Homblower- 
Woolf alternating pistons, and opening the way for pumping 
and other engines, with cranks at 90** and at 120** as we find in the 
latest modern practice. 

So it will be seen that 124 years ago most of the elements now 
employed in pumping engines of the highest class were known 
and used, and are as follows: 

Steam working on both sides of the piston. 

Higher and higher steam pressures. 

Non-rotative pumping engines. 

Crank and fly wheel pumping engines. 

Steam jackets. 

Cut off and expansion of steam within the cyUitf ler. 

Compound engines. 

Surface condensers. 

Separate jet condensers with air pump. 

Poppet steam valves. 

Ball governors. 

Throttle valve. 

Steam engine indicator. 

Parallel motion for crossheads. 

Crosshead and guides. 

Revolution counter. 
Three of Watt's engines, exhibiting the advance in his work 
are shown in the following pictures: 

Fig. 6. Watt's engine of 1769. 

Fig. 7. Watt's engine of 1781. 

Fig. 8. Watt's engme of 1784. 

A deeper scientific knowledge of heat and steam, together 

with better tools and improved materials, have combined to 

refine the steam engine and the water works pump, greatly 

increasing their economical efficiency; but after all James Watt 
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tamed out a complete machine for the purpose in view as the 
above IL'^t of details employed even at the present time will testify. 
And lo show how fully his qualities were recognized and appre- 
ciated we have only to not* that a monument was placed in that 
most exclusive of precincts, Westminster Abbey, inscribed 
as follows: 



8DI.. 

^^and 



Not to perpetuate a Name, 
Whirh must, endure while the peaceful arts flourish, hut 
(o show 
that mankind huve learnt to honor those 
who bent deserve their gratitude, 
THE KING, 
hia minixt^rs, and muny of the nobles and commoners of 
the realm, 
raised this monument to 
JAMES WATT, 
Who, directing the fort'e of an original genius, 
early exercised in philosophic research, 
to the improvement of 
THE STEAM E\GINE. 
enlargeil the resourcea of his country, increased the 
power of man, and rose to an eminent pluce 
among the most illustrious foHowerN 
o[ science and the real benefactors of the world. 
Bom al Gr*enock, MDCCXXXVI. 
Died at tieuthfield. in BtaftordBhire, MDCCCXIX. 



There was very little indeed in the line of theory to influence' 
or guide the early inventors of the steam engine. Watt had 
some advantages through his associations at the Glasgow I'niver- 
ttly, with reference to the doctrine of latent heat, but the rela- 
of work to heat was not developed into a pliilosophical 
ipOBition until a considerable time after Watt's inventions 
and determinations. It was after Walt's death that Carnot 
in 1824 published the theory of the steam engine as a heal engine, 
■nd demonstrated that heat does work only by being let down 
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from a higher to a lower level, but even he had not grasped the 
full idea of the relation of heat to work, and it remained for Joule 
in 1843 to demonstrate tlie conservation or convertibility of 
energy by showing conclusively that heat and work were inter- 
convertible one into the other, he then setting a standard that the 
equivalent of one unit of heat in mechanical energy is 772 pounds 
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rwscd or lifted to a height of one foot, a standard which is still 
recognized; and one unit of heat is tliat amount of heat which 
will raise one pound of water one degree by the Fahrenheit 
thermometer, or the thermometer we are used to seeing every 
day, from temperature 39 to temperature 40, at which tempera- 
ture water is supposed to attfun its greatest density. From 
1S49 the science of heat energy made great strides and was set 
forth by the moat profound philosophers and mathematicians 
of our' times. 



HIHTORIVAL 



SI 



theory of heat engines taken from competent authorities 
briefly stated as follows: 

e acts by taking in heal, converting a part of the 

red into mechanical energy, which appears as the work 

e engine, and rejecting the remainder, still in the forrti 

i theory of heat engines comprises the study of tlie 

f work done, in its relation to the heat applied and to 




t rejected. Tlic theory is based on the two laws of iher- 
miics or heat energy, which may Ix? stated as follows: 

I. When mechanical energj" is produced from heal, one 
I unit of heat goes out of existence for every 772 foot 
of work done ; and, conversely, when heat is produced by 
enditure of mechanical energy, one thermal unit of heat 
Qto existence for every 772 foot pounds of work spent. 

II. It is impossible for a self-acting machine, unaided 

Sirnal energy, to convey heat from one body to another 
temperature. 
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CHAPTER ni 

ECONOMIC STEA3I DUTY 

The highest economic duty in proportion to first cost and 
maintenance determines the most desirable pumping engine. 
And ever since the early days of Newcomen and Watt there has 
been a continual advance in design, construction, and perform- 
ance as expressed in economic '*duty" of pumping engines, 
accompanied by a reasonable measure of durability in the 
machine, as the physical conditions imposed became more and 
more understood. The increase in the number of opportunities 
for usefully employing the energy of heat, and the decrease in 
the chances for wastefulness from purely, mechanical defects, 
have contributed very effectually towards the improvement 
from 5,000,000 foot pounds duty in the old time Savery engines 
upwards to the 12,000,000 duty mark of Smeaton and New- 
comen ; then to the 20,000,000 duty of Watt's engines, then to 
the 30,000,000, then to 60,000,000 duty, as the later achieve- 
ments of the Cornish engine came into the record. And so on 
up to 80,000,000 duty, until finally in the latter half of the nine- 
teenth century, after say 1860, the higher steam pressures and the 
higher ratios of steam expansion carried the duties of the pump- 
ing engine up to past the 100,000,000 the 110,000,000 and the 
120,000,000 duty marks successively; finally reaching very 
nearly to the possible limits to-day, a little over 181,000,000 foot 
pounds of work per 1,000 pounds weight of dry saturated steam 
consumed; that is, steam theoretically perfect, containing the 
exact amount of water and heat which carefully made experi- 
ments have determined to be correct according to natural laws. 

The record at present, as exhibited by the pumping engines 
produced in this country at least, and covering the practice of a 
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dly number of designers, in fact the principle engineers in 
s line both for special designs and for what might be termed 
nmmercial machines, is given in the following table : 



eseoi Day Duty Record per i 



> pounds of Dry Saturnled Steun. 



BriLDKa UR DMl.lSKH. 


HOTY rs FlIOT POCMUB. 


Allw-Chalmers Company . 


181,068,605 


Holly MaoufBCturinR Company 


179,454.250 


173,620,000 


167,800,000 


E. D. LeaWtl 


157,843.000 


Lake Erie EDgineerinK Worlu 


IS3,000,000 




149,500,000 



The following is the pumping record for duty with superheatei I 
steam as taken from some tests at Chicago, of Worthington 
vertical triple expansion engines of 20,000,000 U. y. gallons 

ily capacity each; 



F' Average superJient. 
100" 

I (ireateat superheat. 



At the close of the year 1905, the pumping engine hold- 
ing the world's recortl for general economy, was at Boston, 
Mass., U.S.A., in the high service station of that city at Chest- 
Hill pumping station. Tlie data of this engine are as 

3W8: 

Designers, E. & I. H. Reynolds. 

Builders, Edward P. Allis Company. 

Date of completion, 1897. 

Location, Boston Higli Service. 

Capacity per 24 hom^, TJ. S. standard, 30,000,000 gallons. 

Total head against plungers, 140 feet. 

Steam pressure per gauge, 185 lbs. 
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i may be quickly comprehended at a glance by observing 
the followiDg table; 



I 



8tk*.i PBUairu iM 




1800 ... 
1830 .... 
1850 . . . - 
1875 . . . 

1900 .... 
I90U 


5 
2IJ 
50 
75 

12.5 
175 



'Again, as the pressure of sttani gi-adually increased, its logical 
aceompaniment, the increase in tlie ratio or rate of expansion 
took ite proper place in the inarch of improvement. The users 
of steaJU began by taking it witliin the cylinders of the early 
engines during the entire s^troke of the piston, in those first days 
of the steam engine, after Papin had suggested and denion- 
iitrated the idea and possibility of the piston. Then four cxpan- 
inotm were employed in the Watt, and also in the Trevithick 
C'omisli engines used for pumping out mines, from 1814 to IS24, 
tJie records even gi\Tiig eo high a pressure as 120 Ibe. per square 
inch. But sucli a pressure in the light of what must have been 
the limited scojx- of steam lioilers at that time, is at least ques- 
tionable; and, besides it is said that Woolf's compound engine 
was kept out of business on account of the greater simplicity of 
llie single cylinder Trevithick engine at the Cornwall mines, and 
fluch a statement is at least improbable if 120 lbs. pressure was 
employed, for the reason that whether the lessening of the range 
of temperature brought about by the use of two cylinders was 
under-ftood or not, ihe ine\-itable and natural effect of reducing 
the coal consumplion for the work done would have been plainly 
\isible I'vai though the relations between heat, steam, and 
)'tM.Tg>', were still unknown. 
I^^^An later perfections in engines came into existence, the rate 
^^^Bex[}ani<ion gradually increased with the steam pressure, and 
^^^Bt inifc«wivcly to fi. R, 10. 12, 16, 20, and upward.* to the pres- 
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ent day limit. About 5 lbs. absolute pressure^ or^ 5 lbs. above 
a perfect vacuum seemis to be the low limit of terminal pressure 
of profitable expansion and practical conditions; and with suffi- 
cient protection against condensation within the cylinder, it is 
doubtful if a lower pressure than this can be obtained in the 
absence of leakage. Indeed it is extremely difficult to get the 
expansion in proper form down to so low a point as 5 lbs. above 
perfect vacuum. It is very difficult if not impossible to provide 
latent heat enough and to supply it quickly enou^ within the 
cylinder, to obtain perfectly dry initial steam or to maintain 
perfect evaporation without incurring losses in other directions; 
but the slower the strokes of the engine, the better the chances 
of ideal steam conditions; and this probably explains the high 
efficiency of the slow moving pumping engines, the type of steam 
machinery holding the record for low steam consumption and 
high heat efficiency. Perhaps the rate of speed could be brou^t 
down until there would be time enough in each stroke to begin 
the superheating of the low pressure exhaust, and if this did not 
raise the capital account too high by unduly enlarging the engine, 
the complete dryness of the low pressure exhaust just to the 
point of saturation would likely mark the most profitable rate 
of motion in pumping engines, especially so when it is considered 
that the highest mechanical efficiency of machines lies in this 
direction. 

But the great effect to be obtained within a steam cylinder 
is perfect drjoiess of the initial steam. If this can be accom- 
plished the rest of the stroke will take care of itself, and if it was 
or ever is found that initial dryness will result in superheated 
exhaust especially in the low pressure cylinder, the quality of 
the steam must be controlled so that the best practical point 
can be reached for all around results. Dry initial steam in the 
low pressure cylinder has not yet been reached, the nearest 
approach being something like 9 per cent moisture remaining, 
but the economic duty is at present so high that the small mar- 
gin yet to be attained will not stand very much expense for it-s 
acquisition. 
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"Upon the baas of 5 lbs. absolute terminal pressure, that is. 
5 lbs. above perfect vacuum, the possible ideal ratios of expan- 
sion ill the absence of the usual disturbing conditions wouki be 
as follows with various steam pressures per gauge: 
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us will be seen to some extent the fallacy in seeking greater 
lomy in more rapid motion of the piston and rotative parts. 

ide from the lessening of the mechanical efficiency of the 
machine, by disturbances in the main pumps and increaj*ed 
friction in other directions, the cooling due to the expansion 
of the steam, and the ranges of temperature within the cylinders, 
all due to tlie expanding steam itself, and the very slight com- 
parative change in the time for such operations, in a fast or a 
slow mo\Tng engine, as usually understood, go for nothing. As 
will hereafter be pointed out in connection with the adaption of 
pumpmg engines to their surrounding, the singled out factors 
of high steam pres-sure, high rotative speed, high piston speed, 
and similar factors, taken by themselves in the absence of the 
really controlling conditions, fail to advance the efficiency of 
pumping engines. 

The original Cornish pmnping engine was a beam engine, with 
the steam piston connected to one end of the beam and a rather 
massive pump rod at the other end of the beam. The cut off of 
the steam took place at an early point of the stroke, and then 
the stroke was finished by the expanding steam and the momen- 
tum of the hea^■y moving parts. This wss for mine pumping 
and counterbalancing was sometimes resorted to when the pum]> 
rods overweighted the beam at one end. \\Tien this engine was 
jiitroduced into municipal water supply pumping, in the absence 
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df long hemvy pump rods in enpne hoase work, heavy wei^ts 
were added to make up the opportunity for stmng energy which 
wibi origiDally furnished by the feng pump rods necessary in 
mine pumping. 

The " Bull'* Cornish pumping «igine, the advance agent so 
to >|ieak of the modem " direct acting*' pump, was a UKxiifica- 
tion of the original Cornish engine, and in this machine the beam 
wa> oiiiitted. askie from a balancing beam when the rod weights 
were ti>.» hea^'^• for >atL<factor>' operation. 

The econoiiiic duty of the Cornish engine has been given in 
tiiiM^s {.ast, ranging from 30.000.000 in 1820 throu^ the suc- 
ceevliiig Year< up Xo 114,000.000 in 1850, per 100 lbs. of coal, 
althoudi notliiii;^ particular L< said about the efl^aency of the 
K»ilers. and of course when duty is ^ven in poimds of coal 
burned, the erticienfv of the grates, the chimney, the qualitj' 
of the coal, and the tn^nerating or steam making power of the 
Wulers. K'cume involved In the question. It must be obvious 
that the engine cannot |x>ssihly l:>e responsible for the cost of 
the making of the steain, although the '*coal duty" of an eng^ine 
L- often talked al»out, this tenu really meaning the ''plant duty/' 
Tlie engine has no grates and bunis no coal, but the engine is 
jx>sjK>nsihle for the anioimt of steam \L<ed in doing any certain 
amount of work, this steam furnished by the boiler, which does 
)^ave grates. an»l u}H»n whieh and for the iL^e of the boiler, the 
coal i" hurneil. Thi< consideration has finally brou^t about 
the expression of the duty of a pumping engine per 1,000 lbs. 
of steam, ami also {ht 1.000,000 heat units; the rate of a thou- 
<an(l ix>tind> of steam, and the million heat units coming natu- 
rallv enough from the iilea of a hundred pounds of coal, gi\ang 
an evai>oration in the Innlers of 10 lbs. of steam for each poimd 
of coal burned on the boiler grates. That is to say, 10 lbs. of 
water evaix)rated into steam ixt pound of coal burned on the 
grates Is e(iual to 100 lbs. of coal evaporating 1,000 lbs. of water 
into steam. From a scientific pomt of view, and for the guidance 
of the engine designer and builder, the expression of duty per 
1 000 (KK) heat imits usually called British thermal units may 
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be the better and no doubt is, but for the buyer of the engine, 
and tbe buyer of tlie coal, the expression in terms of 1,000 lbs. 
,of steam is in the opinion of the writer the better; and for the 
lason that the economies of the boiler room, the looking after 
possible raising of the temperature of the feed water, the 
lost advantageous mode of Hring the boilers, and everything 
fact but the actual using of the steam by the engine, naturally 
iparates frnm the o])eratioii of the machinery; and the consump- 
m of the sicarn whether it is made from ice cold water or from 
•ry hoi water, is an extremely satisfactory way to measure the 
'ormance of the steam cylinders. The idea is to make the 
steam to Uie best advantage possible and then get the most 
work out of it after it is delivered to the engine. 

Up to 1848, although the Watt crank and fly wheel engine 
had been in existence a gooii many years, it does not seem to 
have been utilized as a pumping engine to any very great extent; 
but in that year there was brought out in London, England, 
the Simpson compound beam pumping engine, with the buckets 
plunger pump, and for 25 years was considered the standard 
pumping engine for considerable quantities of water, say, from 
6,000,000 gallons daily upwards. Fig. 9 shows a picture of 
the Simpson engine as then constructed for the London water 
works, and afterwards in 1S72 placed in the water works of 
Philadelphia, Pa., and al^o of Lowell, Mass., a few years later. 
This type of pmnping engme was also repealed at Chicago, 
Milwaukee, Detroit, St. Louis, and other Amerit-an cities, and waa 
generally credited with a duty of from 75,000,00t) to 90,000,00tl 
foot jX)un(Ls per 100 pounds of coal consumed in orilinary good 
boiler practice. The West Side pumping station of (^icago, at 
the jimction of Blue Island Avenue and Twenty-second Street, 
ibsB tlie largest examples of the Simpson pumping ei^nes in 
;i8 country; and in their day, in the early eighties, they were 
doubt tbe most notable pumping engines this side of the 
Atlantic. Their dimensions are as follows : 
High pressure cylinder, 48 inches diameter. 
Low pressure cylinder, 76 inches diameter. 




^V 30 ^^^^^1 

^^H High pressure stroke, 72 inches. ^^^^^^| 
^^^1 Low pressure stroke, 120 mches. ^^^^^^^H 
^^H Diameter of punip bucket, 51 inches. ^^^^^^H 
^^H Diameter of pump plunger. 36 inches. ^^H 
^^H Stroke of bucket and plunger, 120 inches. ^H 
^^H These en^nes continued in sen-ice a good many years and ^^| 
^^H gave very satisfactory general result,", the duiyusuaDy developed ^^M 
^^H by them being in the neighborhood of 85,000,000 foot pounds ^^M 
^^™ sei. ^^B 
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^^^^pCTlOO pounds of coal consumed on the gratt'S of orduS^^^^f 
^^M return tubular boilers, at-cording to well authenticated rejKjrts. ^^M 
^H About 1S60 the Wortliington duplex pumping engine began ^^| 
^^M to appear and marked an era in pumping engine design. Taking ^^| 
^^1 up the direct acting or uon-rotatiw idea where the Cornish ^^| 
^^H engine had reached its limit as to size, cci^nomy, and adaptation ^^| 
^^H to wat^r worb< conditions, it carried on the march of improve- ^^| 
^^H ment in a manner and to a degree wliich is strongly felt even ^^| 
^^H to-day, nearly half a century latrr. Instead of long pit roda-j^^f 
^^H or heavy weights, the WorThinglon engine applies the force of ^^H 
^^^L steam during both strokes directly to tlic work to de done by^^H 
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plungers, by means of direct and rigid connections between 
the steain pL«toiis and the water plungers. It was at first built 
only of the horizontal class, and up to what would now be con- 
sidered very moderate sizes and capacities, but lat^r entered the 
vertical field of design, until to-day it reaches to 25,000.000 V. S. 
gallons daily capaeity and upwards of the vertical class. The 
early \\'orthington engines of fairly good size gave an economic 
duty of 60,000,000 foot pounds per 1,000 (xiunds of steam; and 
the latter day examples with high duty attachment develop a 
duty of nearly 175,000,000 foot pounds under favorable condi- 
tions. 

Contemporary with the introduction of the Worthington 
duplex pumping engine there appeared the Holly quadruplex 
pmuping engine, a crank and fly wheel engine of |jeculiar design, 
and this en^ne enjoyed an extensive application to water works 
service. In fact the Worthington and Hollyengines monopolized 
and divided the water works busines.'! for many years to the exclu- 
sion of nearly all others, and were the forerumiers of the present 
commercial pumping engines, the many repetitions of their 
manufacture producing them at a price so far below that of 
lial engines designed for much higher steam economy, that 
slow education of the public along really economic lines, and 
the improvements in macliine shop management, were necessary 
for the substantial steps forward which we now view so com- 
placently. The Holly quadruplex pumping engine gave a duty 
of about 85,000,000 foot pounds and if the clearances or waste 
room could have been reduced in a practical manner, the duty 
could uo doubt have been considerably improved. 

Early in the eighties the competition for supremacy and busi- 
ness between the two leading types of water works pumping 
engines, brought about a sharp line of demarcation between the 
low duty engines at low cost and a higher duty engine at a higher 
cost, resulting in the production of the Gaskill engine now known 
as the Holly-Gaskill or the Gaskill-HoUy engine; and then the 
Worthington high duty engine. Both of these engines developed 
naturally enough along the previous lines of practice of their 
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about four to one, being able to show a duty of about 120,000,000 
ft. lbs. per 1,000 lbs. of steam, so far as the writer is concerned, 
was based at the time upon his personal experience and as 
time has passed there has been no need to adversely change 
views upon the subject; in fact, further refinements have raised 
the economic duty of the compound pumping engine somewhat 
above the 120,000,000 mark. The writer made a duty test 
with a Rejmolds vertical compoimd condensing pumping engine 
at Hannibal, Mo., November 5, 1885, and upon the basis of 
100 lbs. of coal and 10 lbs. evaporation, or really a basis of 
1,000 lbs. of steam, obtained a duty of the then unprecedented 
figures under similar conditions of 118,327,041 ft. lbs., and 
considering the fact that the average steam pressure was only 
79 lbs. per gauge, it is fair to assume that a somewhat higher 
pressure and a somewhat shorter cut-off in the high pressure 
cylinder, would have raised the duty a point or two above 
120,000,000 ft. lbs. This engine was operated under regular 
everyday conditions and the feed water supplied to*the boilers 
without deductions or allowances of any kind was taken as 
the steam consumed. The capacity of the engine per 24 hours 
was 2,826,056 U. S. gallons of 231 cubic inches; the total head 
against the plungers was 249 feet, and the piston and plunger 
speed was 165 feet per minute. The steam jackets and reheater 
consumed 10.6 per cent of the total steam supplied to the engine 
during the test. The dimensions of this engine are as follows: 

One high pressure cylinder, diameter, 23 inches. 

One low pressure cylinder, diameter, 45 inches. 

Water plungers, each, diameter, 17 inches. 

Stroke of all pistons and plungers, 30 inches. 

Ratio of cylinders to each other, 3.98 to 1. 

Volume of expansion during test, 15.03 to 1. 

Piston and plunger speed, per minute, 165 feet. 

Average water pressure, total load, 108.12 pounds. 

Average steam pressure, gauge, 79 pounds. 

Receiver of same volume as low pressure cylinder. 

Two, single acting, outside packed plungers. 
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The Worthingtoo hi^ duty engine entered tbe field about 
the same time as the Gaskill engine, and these two types of 
pumping machinery for municipal water supply, represented 
two entirely different schools of principle in construction, 
althou^ their heat theories were alike. The Worthington 
advocated the old Cornish principle of non-rotation; while the 
Gaskill set forth as earnestly the advantages of the crank and 
fly wheel school of practice: and these two engines came [nrob- 
ably as near to ccxnmercial lines in their early days as the 
machine shop tools and practices of their time would permit, 
considering ak^o the more or less special features of adaptability 
of any pumping en^ne to any i)articularly designated plant. 
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IS83 and 1884 the Reynolds pumpiug engine began to 
develop towards a commercial type, the one at Hannibal, Mo., 
referred to in the last chapter, being one of the earlier specimens 
which embodied features afterward retained, principally among 
them l^eing the steam valves located across the cylinder heads, 
thiiB reducing the cleaxances or waste room to a very email per- 
centage of the cylinder volume: the outside packed plungers; 
and the vertical type of machine. One of the early develop- 
ments, after tlie Hannibal engine, was the vertical triple expan- 
sion for the high service station at Milwaukee, Wis,, the first 
triple expansion pumping engine produced in the workl, appear- 
ing in 1SS6 and designed to take the place of an engine similar 
to one of the Hannibal type. In 1892 this triple type of pumping 
engine broke alt records for economic duty by sending the figures 
up to i54,048.7lX) ft. lbs. per I.IXIO lbs. of steam, at the North 
Point pumping station of the Milwaukee water works- 
Higher steam pressures and higher ratios of steam expaa-^iion, 
lith the terminal pressure or the pressure at the end of the expan- 
remaining at any certain point, are the essential features of 
ili^cr economic duty. A clear idea of the relation between 
lansion and steam economy may be grasped by considering 
that the terminal pressure represents the quantity of stcani 
Ui*d, while the mean effective pressure or the average pressure 
throughout the stroke, represents the work done by the steam. 
Therefore it follows that the greater the mean effective pressure 
in proportion to the terminal pressure, the greater will be the 
economy of steam, and it also follows that the greater the rate 
or ratio of expansion with any certain terminal |>ressure, the 
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higher will be the duty of the engine, provided of course that 
proper conditions for the expanding steam are obtained. To 
show this in a convenient manner the following tables have been 
prepared in which three different terminal pressures are taken, 
and the mean effective pressures calculated for 12 different steam 
pressures per gauge, ranging from 80 lbs. to 150 lbs. per square 
inch. 

But mere comparison between the terminal and mean effective 
pressures will not tell the whole story, because the lower the 
terminal pressure, the less density there is to the steam, or 
the less evaporated water per cubic foot of the steam. As, for 
example, the ratio between the terminal of 5 lbs. absolute, and 
the mean effective pressure for 33 expansions is 4 to 1 with 150 
gauge pressure. \Miile at the other extreme of the tables, the 
ratio between the terminal of 10 lbs. absolute and the mean 
effective pressure for 9.5 expansions is 3 to I with 80 lbs. pressure. 
But the steam at 10 lbs. pressure has nearly twice the density 
of the steam at 5 lbs. pressure, the wei^ts per cubic foot 
being: 

.02641 of a pound at 10 pounds pressure, per cubic foot. 

.01373 of a [Kjund at 5 pounds pressure, per cubic foot. 

With a low pressure cylinder having say 3,000 square inches 
of piston area, or a little over 60 inches diameter, at 200 feet per 
miimte travel of piston, with all steam accounted for by the 
indicator diagram, with no steam used in the jackets or reheater, 
and with 2.48 lbs. deducted for the best practical vacuum, the 
duty would be as follows: 
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162,324,324 
206,898,103 



This shows a gain in economic duty of 27 per cent without 
allowing any steam to be used in the jackets; with an engine a& 
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actually opcraU'tl, and with et#am used in the jackets and re- 
heaters, the ilifference in actual economy was much more tlian 
this, Vietween tiie first triple expansion pumping engine, and the 
t-ngine hiilding the record at the end of the year 1900, but -of 
I'ourse some allowance must be ma<Je for the practical improve- 
ments in pumping engines lietween 1886 and 1900, although 
from 1900 to 1906 tlie gain in duty was only 0.89 of one per 
e^iil. Tlie difference in duty between 1886 and 1900 was as 
follows : 

First triple in 1886, round numbers, 129.000,000 duty. 

The record in 1900, round numbers, 179,000,000 duty, 

I This shows a gain of 38 per cent in actual practice and with the 

lUge steam pressure raised only from 80 li)s. to 126 lbs. But 

*"tbe later engine had poppet valves on the low pressure cylinder, 

ihen-by reducing the clearance to probably one half per cent or 

lower. 

The high duty record from 1893 to April, 1906, all held at the 
various [leriods by the vertical triple expansion, crank, and fly 
wheel pumping engine using steam jackets and reheaters, is au 
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178,497,000 


1900 


179,419,600 


1900 


181.068,605 



Following in tabulated form may be seen the ratios of expan- 
i possible with different gauge pressures, and with different 
1 pressures. Tlie terminal and mean effective pressures 
bg absolute or above perfect vacuum, and the expansion 
under the various pressures as-sunied to be as good as would be 
iadirated by the Mariotte cur\'e. 
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First : With a terminal of 5 pounds absolute. 
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Second : With a terminal of 7 pounds absolute. 
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Third : Witii a terminal of 10 pounds absolute. 
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These mean effective or average working pressures throughout 
the stroke of the piston are absolute pressures or pressures above 
ari al>solute and perfect vacuum; and the proportion of percent- 
age of these prcwures popsibie to actually obtain for useful work 
within a strain cylinrler, will depend of course u|x)ti the value or 
perfection of the vacuum maintained witliin the low pressure 
cjiinder of a triple expansion engine; it being considered quite 
out of the question to use one cylinder with a condenser, in eco- 
nomically carrying such high ratios of expansion, even with the 
lowest initial pressure given iii the gauge pressure colunm of 
these tables. 

iring the past 25 years there lias probably Itcen nothing 
ming the rapabilitiis of pumping machinery so much dls- 
id as its economic duty; or, the ability or inability to develop 
foot poimds of work upon one basis or another of 
comparison, but mostly per 1,000 Ibg. of steam consumed, or per 
1.000,000 heat units utilized. Twenty-five years ago 60.000,000 
ffx>t pounds duty was the general guarantee for water works 
■ugincs, with occasionally an engine of special design aiming to 
100.000,000 foot pounds, the advocates of the higher type 
more costly machine arguing that the saving in fuel repre- 
id by the greater economy would more than pay the interest 
the difference in the cost of tlie machinery. This saving 
a fact, upon the showing of tlie test and trial runs, provided 
the engines were equal in other respects, principally as to the 
ability to successfully and continually pump water without 
unusiuU interruption on a^-count of stoppage, breakdown, and 
zweded repairs, 

'ears ago the writer took the ground that the first duty of a 
ipijig en^ne wa." to pump water, and sees no reason to change 
idea to-day: but in the eai-ly days as a general rule the 
Iping engines of a higher duty than about 60,000,000 foot, 
were not built quite so sturdy for the hard work of 
iping, as their lower duty competitors, and if durability, 
ithnees of operation, and decreased cost had not grarlually 
to the front, in the construction of pumping machinery, 
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for water works, the present admirable results would not have 
l)e<Mi attained. 

Tlie expansion of the steam is the key of course to hi^er and 
higher economy, hut as this factor was increased in ratio from 
time to time and gradually approached its physical limits, new 
ditfioulties arost* one after another, or were more and more 
n^aliztul as greater attempts at higher economy were mad*^; but 
aft< r jMTsistent efforts along encouraging lines the happy com- 
promise* se^ms to at last have IxH^n reached Ijetween a highly 
elastic gas at one cud of a machine, and a non-elastic most 
stul)lH)rn fluid at the* oth(»r end, and with the limit of steam 
econoiiiv vcrv ncailv rcju'hed. In the earlv days of steam 
expansion to high ratios, it did not at first se(»m to te realizes! 
that {\\v impju't ujhhi a steam piston of a very hi^ initial pres- 
sure* as against the corrcsjH)nding effect of a low pressure, would 
gn*atly incrcjisc the shocks and jx)ssihle damage to the machine. 
I'ndcT certain condition^, a^ in mill engines, the initial shock of 
the steam may W ahsorlxnl by atlja^ting the wei^t and motion 
of the moving parts to nu^et the sudden hnpuLse of the incoming 
steam as the steam or induction valve b? quickly opened: the 
piston travelling toward the end of its stroke must of course 
stop U'fon* it can maki* a return stroke, and althou^ the 
unaided eve cannot di^tennine the instant of the stoppage, it 
i\e vert heless actually takes phice for tlie shnple reason that it 
is physically i.npossibh* for it to go in l>oth directions at the 
same time. 

Hut having once sto|)jH'd, or come to rt»st even if only for the 
shortest imaginable fraction of a second, it nmst l)e started again, 
and if the weight of the moving i)arts such as the piston rod, 
piston, crosshead, and connecting rod, can Ix^ made to just about 
eeiual the effort of the initial steam then the shock is taken up by 
the iiuTtia of the mass. The speed of the crank pin in its circle 
or orbit of revolution, is pnictically the .same at all points, but 
the driving parts of the engine moving only along the line across 
the circle, must of course start from no motion at the beginning 
of the stroke, come up to full speed of the crank pin at the middle 
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fli !he stroke, ami then subside to no motion again at the end of 
the stroke. Thbt mcaiw that the sjit'ed of tiio moving parts must 
be act'eleraf<^d or increased and retarded or diminiahed twice at 
each revolution of the crank shaft. And the effect of this is 
precisely the same at* tliat of centrifugal force at the Ix^giiining 
and end of the stroke, the calculation for the force required to 
start llie weight at the beginning of the stroke being Ihe same 
as that for determining centrifugal force which tlie weight 
exerts in trying to pull away from the center when rapidly 
rvvolved. If a plmnb bob be attached to a piece of cord, say 6 
feet long, and swung around in a horizontal circle just above 
one's head, the pull or pres-sure exerted by the centrifugal force, 
or the force due to the revolution of a weiglit, can Ix; easily felt 
by the hand, and this pull or force in precisely what the steam 
will meet at the Ix-ginning of the stroke, so that if the force can 
Ix- nearly or pra<-tically balanced against the incoming steam 
[)ressure, then smoothness and absence of wearing shock will 
be tlie result. In the latter half of the stroke the work repre- 
sented by the rapidly moving weight brought up to the full 
speed of the revohing crank pin at eacli stroke, is utilized in 
helping to push the crank pin along its way until the end Ls again 
r*acheil and the incoming steain again takes up the work for 
another stroke. Thus the first half of the stroke stores up the 
energy of the mo\Tiig parts, which is again given out by these 
piarts during the last half of the stroke. 

Tldi initial force is easily calculated from the fact that many 
experiments for tlie det^-rmmation of how much centrifugal 
force amounts to, has demonstrated that one pound weight at 
the end of a crank one foot long, and making one resolution [)er 
minute, will exert a force [tulling away from the center, of 
0.000341 of a pound, or thirty-four thousandths of one per cent 
of a pound nearly. The relation of this amount of force to 
other conditions involving other weights, other length.s of crank, 
and other rates of revolution has n^ulted in the establishing 
«f a formula or rule of calculation to the effect that the cen- 
Utfugal force will vary in accordance with the following: 



I tfuugu lorce wi 



42 PUMPING ENGINES 

It will vary directly according to the weight in pounds. 
Directly according to the length of the crank in feet. 
According to the square of the revolutions per minute. 

Note. — The square of the revolutions per minutei means the number 
of revolutions per minute, multiplied by itself. 

The expression of the formula is: 

Centrifugal force = PT X K' X L X .000341. 

W represents the weight in pounds. 

IP represents revolutions per minute multiplied by itself. 

L represents the length of the crank in feet. 

.000341 represents the centrifugal force of one pound making 

one revolution per minute at the end of a crank one 

foot long. 

To show how this force will apply in practice take, for exam- 
ple, a 30-inch steam cylinder working condensing, indicating 40 
lbs. mean effective pressure throughout the stroke; in one case 
using 100 lbs. steam pressure with 8 expansions, the initial load 
upon the piston would be 78,512 lbs., while in another case using 
70 lbs. steam pressure in a throttling engine getting the same 
mean effective, the initial load upon the piston would be about 
43,000 lbs. 

With 100 lbs. initial pressure and 10 expansions the mean 
effective pressure would be 33 lbs. net, with an initial load of 
78,512 lbs. as before, but the initial piston load upon the 
throttling engine would be 35,300 lbs. 

With 125 lbs. initial pressure and 15 expansions the mean 
effective pressure would be 30 lbs. 'net, with an initial load of 
93,722 lbs., while the initial load upon the piston of a corre- 
sponding throttling engine would be only 31,770 lbs. 

This enormous difference in impact of initial pressures, coupled 
with the great amount of internal condensation within the steam 
cylinder when too high a rate of expansion was attempted in one 
cylinder, had a powerful effect in bringing about the very great 
extent to which load distribution is now made throughout the 
machine as a purely mechanical problem; also the thermal 



THE ADVEST OF THIl'l^ EXPANSION' 



43 



I of dividing the expan^on into differeut stages and eo 
Bucc the rangp of temperature in cai-h of the cylinders ern- 
fyed, iiiorfi fully mfcrrrcd to in Chapter V, which deals with 
a Mariotte curw of expansioTi. 

riie adaptation of the pumping en^e to its conditions and 
foundings so far as may be, is the real key to highest efiiticricy 
(der the particular conditions imposed. There are advocates 
lligh s{)eed, of high steam pressure, of high rate of revolution, 
1 other singled out and isolated factors, but the general coni- 
binalion wherein the machine best meets the conditions is what 
will yield the best results, and not the exploiting of any particular 
seemingly important factor by itself. And, as' an example of 
this fact, it may be noted that tlie pumping engine in this coun- 
try, if not in the world, which up to April of 1906 held the higli 
tty record has the following conditions to work under; 
Capacity per 24 hours, 15,000,000 I*. S. gallons. 
Piston speed, 197 feet per minute. 
Rotative speed, 10.41 revolutions per minute. 
Water load against plungers, 126 jwunds pressure. 
Steam pressure per gauge, 126 pounds pressure. 
Energy of sli'am end, 802 indicated horse power. 
Energy of water end, 770 hoise jxiwer. 
Mechanipal efliciency of the machine, 96 per cent. 
Steani per hour per indicatetl horse power, 10.6S pounds. 
Duty per 1 ,000 [rounds of steam, 179,454,250 ft. lbs. 
iuce the above record was made in 1900 it has remained at 
■top of the list until April of 1906, when a similar engine newly 
J in the same plant raised it to 181,068,605, or a gain of 
t of one per cent, which again empharizes the idea that the 
t is v'Wy nearly if not <|uile reached. This last record is so 
^tly in excess of il« imniediale predecessor that it requires 
Bral repetitions befori' it can Ije accepted as final, the error, 
rernes^, and good fortune attending some of these per- 
Bances requiring at least one per cent leeway, 
tegarding high piston speed, the best record known to the 
|pr as to pumping engines is 607 feet per minute, where the 
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duty per 1,000 lbs. of steam was 157,843,000 ft. lbs., showing 
that hi^ier piston speed alone will not answer the purpose. 

Regarding hi^ steani pressure, the record seems to be 200 Ibe. 
and a duty of 149,500,0C0 ft. lbs., showing that high steani pres- 
sure in the absence of other ruling conditions or premier fitness 
falls short of the best perfonnance. 

Regarding thermal efficiency, or the actual economy of the 
heat emploj'ed, with reference to absolute temperatures, even 
the greatest thermal efficiency does not in the presence of adverse . 
cciiiditions in some other direction, equal the engine working 
under the best general fitness of things as will be seen by the 
following taken from the records: 



Tmbjuial EmciurcT. 
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I>r C«it. 



Ftwt 



22 SO 
21 63 
21 00 
20 S5 

20 7S 



I49.o00.000 
17^,4*7.000 
17^.4^.230 
173.630.000 
I7d,4l9.6lll> 



^^liat was cottsidertxi th^* record up to April 190^ for 
all around etfieiency for a jHimping engine, and may vet be even 
after the jittfticulars of the m w ncord maker of 1SL061.606 ft. 
lbs per KOGO Ib^^ ^^* steam Unronie known, t as follows: 

Car^*ity per 24 hours. 3l>.0tH.UH.» T S. a3iUo€k>. 

Steam pressure f^r gaii^. IS3 ix>und<. 

Ptton speed. 1»5 feet per minute. 

Putv per 1. 000 Ib^ ^^* steam. 17S.497.000 ft. Dbs. 

Putv per million heat uni^, 16S.925.:»» ft. Ih?. 

^teani per indicated horse p>wer hour. 10.335 pouuliw 

Themial effioieacy. 2l-t» per cent. 
The hkhest record for thermal elficiency ft? 22.80 per cnl, 
whic- i^ 5 4 oer cent abi.>%-e thi> aU around record hoMer: bat the 
larrer show^ a dury p^r UW Ife. ot\<ceam whi^ 

above the ronitt?^- 
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Up to April, 1906, llie highest record for duty per 1,000 lbs. 
lof steam was 179,454,250 ft. U>s, which is only 0.54 of one \iee 
■«eDt above the nil around miichim', but (he latter shows a 
Kthemial efficiency of 3.1 per cent above the former. 

\\'ith reference to the steam ecouomy of these higher types of 

ftpumping engines and its repetition in different en^n^, it may Ix^ 

tnoted that covering a period of more than 5 years, five pumping 

Biigine8 of a similar type, by different buildeif , and situated many 

miles aparl, gave steam per indicated horse power ranging 

through the following figures: 

10.33 pounds per horse power hour. 
10.63 pounds per horse power hour. 
10.78 pounds per horse [jower hour. 
11.01 pounds p<T horse power hour, 
11.10 pounds per horse |xiwrr hour. 

As already pointed out, it hardly seems prol>able that niatcri- 
lly higher efficiencies will be obtained in the near future, and 

;|iot very much higher duties are possible with the steam pres- 
(ures seemingly praetjcable to employ in pumpUig stations, in 
fact, so far at least, the use of quadruple expansions and 200 lbs. 
itratii pressure has not resulted in so good work as the triple 
>xpan.«ion with 126 ll>s. pressure- Indeed the employment of 

[250 lbs, steam pressure and 50 expansions does not promise 
even theoretically very much guin; and practically, in large 
pumping units availalile practice is against such an advance in 
the difficult line of high expansion. Superheat will no doubt 
carry the results to slightly higher figures than at present, but 
the conditions must be very carefully met to make it profitable 
to tlie owner and user. Net gain is what is sought, and fancy 
duty figures at the expense of heat and repairs in some other 

ipart of the plant will not add tv the real economy in the long 
Bui however the steam or heat efficiency may be im- 
proved, or however many ttiiie,s the present record may be 
reached in the future, the duralMlity of the machinery for the 
purpose of its existence comes first and should not be sacrificed 
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to aoy fancied betterment in steam economy only. The fol- 
lowing table show's the economical efficiency of the higher types 
of pumping engines produced from 1893 to 1903 and includes 
about all of the prominent builders in this country. 



IUte (11' 


U*1-*UTV 


PlSll.S 


TnT*|. 


(iAl'lIB 


Thkruai. 


U,:tv r». 






F«" 


l^Au" 


PR^ 




1,000 PQI'NM 




" «"""■ 




POPKIH 






8TK1H. 


TJWT. 


UI3ICTE 




POUNDS. 


CKJTT. 




18S3 


18,000.000 


203 


7, 


121 


19.40 


154,048,700- 


1894 


111,000,000 


371 


81 


137 


19 07 


148,655,000 


18S5 


20.000,000 


607 


60 


176 


20.76 


157,84-3.000 


1897 


30,000,000 


203 


S6 


167 


18.35 


152,000,000 


1898 


20.000,000 


215 


89 


156 


20,45 


167,800,000 


1S99 


20,000.000 


200 


88 


149 


19.90 


165,220,000 


1899 


6.000.000 


256 


262 


200 


22.80 


149,500,000 


1899 


10,000.000 


ITS 


128 


136 


18.44 


160,455,000 


1899 


10.000.000 


175 


128 


137 


18.59 


161,530,000 


1900 


12,000,000 


211 


115 


173 


20.00 


168,532,000 


1900 


15,000,000 


198 


127 


127 


20.78 


176,419,000 


1900 


15,000.000 


197 


126 


126 


21.00 


179,454,260 


1900 


30,000.000 


195 


61 


185 


21-63 


178,497,000 


1901 


21,000,000 


406 


82 


178 


19.43 


146,173.000 


1901 


35 000,000 


300 


20 


151 


20.50 


157,349,000 


1901 


20.000,000 


2i» 


54 


1.W 


20. 8.-5 


173,620,000 


1903 


10,000.000 


480 


80 


181 


18.95 


140.000,000 


1903 


15,000,000 


197 


127 


138 


20.72 


177,300.000 


1903 


15,000.000 


1(17 


127 


135 


20.67 


177,200.000 



In the above table the first engine is a vertical triple; the 
second one a vertical compound; the third, fourth, fifth, and 
sixtii are vertical triples; the seventh is a quadruple; and the 
rest, with the exception of the seventeenth which is a vertical 
compound, are vertical triples. 
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THE MARIOTTK CURVE 



The Mariotte law of expanding gases was discovered by Ednie 
Mariotte, Prior of St. Martiii. aiid one of the first members of 
Itie Aciideiiiy of Sciences which was foimded at Paris, France, 
1 IfiOO. He was a native of Bui-guudy, and died in 1684 after a 
bng and useful life. 

This law was also discovered by Boyle in 1662, separately from 
in(] independently of Mariotle, and Is sometimes called lioyle's 
law, especially in England, but on the t'ontinent of Europe 
aid in this country is mostly known as Mariotte's law of volume 
ind pressure of gases. It is laid down in the reference books as 
follows: 

The temperature remaining the same, the volume of a given 
quantity o} gas is inversely as the pressure which it bears. 

Tliat is to say, when the temperature of a gas does not change 

from a higher to a lower degree, or the revei-se, if the volume or 

jcubic contents is i-educed to one half of what it was formerly, 

9 pressure will lie doubled. Or, if the gas under the same con- 

lilions of temperature is increased in volume so as to fill twice 

flie space as before, its pressure will be reduced to one half. 

jid this effect will follow any other proportionate change in 

rolumc; four times the volume makes one fourth the pressure; 

inc fourth the volmne makes four limes the pressure; and so on 

I 6ve, to six or any other relative change apparently up to 
wcnty-seven at least and tliat is as far as experiments were 
»rrit>d of a similar nature. 

This law has been considered and experimented with by dif- 
terent investigators and found to be correct up to at least 400 

. pressure j»r square inch, so we may consider it conclusive 
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degrees Fahrenheit. At tlie mine, four miles from the falls, the 
air had cooled do»"n to atmospheric temperature, where a large 
bob pump was worked by a Ileynotds-Oorliss engine, 24 by 
4S. at 50 revolutions per minute, and the indicator cards showed 
a shrinkage in the diagrams of about 15 per cent at tlie 
expansion curve, expanding from 60 initial down to the ordinary 
atmospheric pressure. In the absence of a small steam jet 
which was kept going in the exliaust chamber of the engine 
cylinder, and which was shut off now and then for experi- 
menting, frost would form on the back cylinder head with the 
sun shining full upon it; the air remaining perfect air, of course, 
during these operations of absorbing and giving out heat, 
because air is a perfect gas and the heat has no part in its 
composition. 

However, steam is not a perfect gas, hke ah, oxygen, hydrogen, 

and other gases. Steam is a mixture of heat and water, and 

those two elements quickly separate when left to themselves 

without additional heat to make up for the inevitable losses 

fronj radiation or work. Consequently, in an actual engine 

"cylinder, and doing work, marked disturbances take place; and 

I this imitation gas which we call steam suffers at the beginning 

I of tfie stroke and recuperates, and a little more, at the latter por- 

I tion of the stroke ; the general result on an indicator card in very 

good practice being a pretty close copy of tlie Mariotte expan- 

fflon curve by a perfect ga-s; and, if we treat the expansion, 

quantity of steam, and the work done, by steam in an engine. 

stricUy according to the form of the Mariotte curve, it will be 

seen that the results arrived at are very desirable and hard to 

attain in the actual practice with steam engines. 

It is a case of a balancing of errors, and gives the advantage 
of showing what may be done by what might be called a reflected 
Lligtit. But the reflected light shows the road just the same. 
■The variation in conditions of actual steam, heat, and work, 
Ian' so many, the fluctuations of values in the materials used arc 
BO great and m incessant, that it is absolutely impossible to lay 
I QBi in advance a scientific sharp line which can be hewn to. .Vml 
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therefore to the writer it seems to be much better to have a hard 
and fast line to go by, amendable to mathematical precision, 
and capable of being produced on every and on all occasions for 
purposes of seeing just where we are at any time. In short, 
if the engineer sets up the Mariotte curve and law, and assumes 
perfectly dry steam, he will have a much better U^t to look 
forward by, than he will by endeavoring to account for all the 
variations which he will surely meet in trying to follow all of the 
actual facts ; and he will find that considering the actual consump- 
tion of steam and fuel, he will gpt better results in pumping 
water. Not only that, he will find in working out his salvation 
by the Mariotte curve, that he will approximate very closely 
indeed to proportions and dimensions which produce the hi^est 
results in actual steam practice, as will be shown further along 
in this book. There are other curv'es in the expansion diagram, 
carrying the line a trifle below and inside of the Mariotte curve, 
requiring a deeper look into the science of thermodynamics 
than the writer deems desirable in a book of this scope. But 
such curves, although necessary to follow and plot out in obtain- 
ing a good theoretical grasp of the subject, can never be normally 
made by an indicator attached to a steam engine; and, as the 
Mariotte line is the very l:)est that can be made in practice with- 
out leakage or condensation, it is the one thought best to be 
used for the purposes of illustration. 

Considering the foregoing then, the following examples are 
basi^d upon the Mariotte expansion curve, perfectly dry steam, 
all working steam accounted for by the indicator diagrams, and 
allowing for no clearance or waste room in the steam cylinders. 
IndcM^d the waste room h&^ lx»en brought down to such a fine 
point, k'ss than half of one p(T cent, in many cylinders, that it 
can practically be neglected as there are other disturbances of 
more consequent*. The diagrams in these examples are made to 
conform to the Mariotte curve as the standard for comparison 
for all steam expansion curves. This curve is a mathematical 
one and easily determined; lx»ing a hyperbola readily laid out 
according to its law of n^lative volumes and pressures, and its 
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sots may lie rea<lily calculated l)y means of the simple rule 
ind ft table of hyporbolie logarithms. The Mariotte is about the 
^st curve that can be accomplished in actual practice and in 
it is rather difficult in the absence of leakage or other 
mdcBirable conditions to get the expansion down even to this 
'riie other curves mentioned above, determined by intri- 
»\e theoretical and mathematical considerations, show the 
laions of steam after all is accounted for as going a little 
bwer llian that of the Mariotte law, and therefore indicating 




ti%. ID. — The Hariotte Curve in ■ Single Cylinder. 

a trifle better economy of steam, if such curves could \ye honestly 
made by an indicator attached to a steam cylinder. But as 
there is very little difference after all, and a» the very best curves 
nade in practice essentially coincide with that of the Mariotte 
, the diagrams used for these illustrations may be taken as 
Bractically correct ; about the only remaining question being as 
> how far will the indicator account for the steam used, which 
Hter all lead.i to a further (|uestion as to the quality of the 
at the low pressure terminal, it being a pretty fwr 
■sumption tliat with the low pressure terminal perfectly dry, 
1 not materially superheated, about all of the working st«ani 
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«ill be areouDtipd for bv the presmr ^lovn and the vcduroe 
fxifn^s¥0^\ by the lov pressure cjifindpr. al that poitkm of the 
inrfiep of it*^ f ifc^ton which carrier it to the point of release of the 
exllau^t ^ttf'ani. 

First Example See Fi^ lOK 



Ow ^tf aiii cyiinder, S4 inches diameter. 66 inches stroke. 
Initial steani pres^nire 165 Ibe^. absolute, or 150 lbs. per gauge. 
Teniiinal pressure 5 lbs. absolute, or above penect vacuum. 
Ratio rif f'X(>ansion. 33 to 1. 
Point of cut-oflf, 2 inches froin he^uming of stroke, no clear- 

aiirt-. 
Mean effective pressun* for tlie .-troke. 22.48 lbs. 
Ana of tlic ptton, 5.541 square inches. 
Total nieaii force- effective on the pL<ton, 124,579 lbs. 
(3T(r-< initial pn-Sw-ure on the pL<ton. 914^265 lbs. 
Range of tenifXTature. initial to tenninal pres^Jures, 203 

'legn*es Fahrenheit. 
At 200 ft. |xr minute. 755 imlicateil horse poxiTr vnil be 

'levelo|j<Ml. 

At 1M> fKT cent efficiency of machine. 725 pump horse 
fjiAvc-r would Ije shown. 

Steam jjer hour |)er diagram would lie 6,334 lbs. 

.Steam for jackets etc. |)er record. 15.45 per cent 1,158 lbs. 



Total steam [xt hour 7,492 lbs. 

Steam jht indicated horse power hour, 9.92 lbs. 
Steam \n'r pump horse [X)wer hour, 10.33 lbs. 
Duty r>er 1,(XX) lbs. of steam, 191,674,830 ft. lbs. 

An engine such as outlined above would be impracticable if 
not im[K)ssihl(*. The great range of temperature indicated 
Ix'tween what steam would have at 165 lbs. initial pressure and 
5 lbs. terminal pressure, could not be taken care of by a steam 
ja^^ket quickly enough to protect the working steam during one 
stroke* in any engine it would be practicable to build. And 
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further, the great initial load of 914,265 lbs. would be extremely 
difficult to accommodate in a profitable manner in an engine of 
the power indicated, and with this power to be distributed 
throughout the machine for the purpose of pumping water in an 
acceptable manner. 




Banire of Temp«r«tnr« from InltUl to Tennlnal PrMtorM 



MH inch Cylinder, M iiicheii Strok* 

151.67 Hone Power at SM feet ptoton tpvad. 

M.B.P. 61.18 lbs. 

Cnt-ofTmiaH Inches from twfflnolng of stroke 

Ratio of expanaion • 4 to 1. 



4l.Sft ll». aUoluU 



41.SS lb*, abaolata tanninal 



969° Temperature, Fahr. 



41.18 Iba. abanlate preaaara. 
^ MuSS n*. Oanire preaaara. 

J! 






Initial ateam preaani 
Tamperatara M9^ Fah. 



Intermediate Cylinder 

Oonntw priNunre 



Ranee of Temperature from Initial to Ttrmloal Freaanrea. 

Si>9^1(>S'^M''Fahr. 

esH Inch Cylinder, 6« Inchea Stmka 
lLK.r. ' 1S.SS Iba. 35l.«7 H.P. at MO feet pliton speed. 
Cat-olT"> \%.% liichfs from beglnnlnf of atroke 
Ratio of expansion -> 5 to 1. 

8.15 lbs. abaolata tarmlnal 



8.18 Iba. abaolute 
Banga of Temperatore from Initial to TermluAl Presanre* 
IM'-Ul'Wll" FaUr. 



183* Temperature, Fabr. 





Atmospheric 


IJne 


for Iaiw 


Pn'w-nrc f 


vllndcr 




AA 


Iba. abaolute preaanre. Initial. 








ft lbs. 


abaolute terminal preaaora. 


c_ 


Low Preamre Cylinder 








161* 


• Temperature. Fahr. } 



Ferfect Vacaiim 

S4 Inch Cylinder, M'incbaa Stroke 
ILE.F. m;.4«lfaa. 



251. •: Horse Power at MO feet piston speed. 
Ciii-otl a 40 Inchea f^m beiclnnluK of stroke 

Ratio of expansion ■ 1.66 to 1. 



Fig. 11. — The Xariotte Carre Through Three Cylinder!. 

Second Example (See Fig. 11). 

Trifle Expansion^ or the Same Work Through Three Cylinders. 

Hi^ pressure cylinder, 30| inches diameter. 
Intermediate cylinder, 63J inches diameter. 
Low pressm^ cylinder, 84 inches diameter. 
All of 66 inches stroke. 
Hi^ pressure initial, 165 lbs. absolute. 
High pressure terminal, 41.25 lbs. absolute. 
Hi^ pressure effective initial, 123.75 lbs. 
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Hi^ pressure ratio of expansion, 4 to 1. 

Hi^ pressure point of cut-off, 16^ inches from be^nning of 

stroke. 
High pressure mean effect i\'e pressure, 57.18 lbs. 
Area of the piston, 726 square inches. 
Initial load on piston, 119,790 lbs. 
Total mean effective force on piston, 41,526 lbs. 
Range of temperature, initial to terminal pressures, 96 

degrees. 
At 2C0 ft. per minute, 251.67 horse power would be 

developed. 



Intermediate cylinder initial, 41.25 lbs. absolute. 

Intermediate tenninal, 8.25 lbs. absolute. 

Intermediate effective initial, 33 lbs. 

Intermediate ratio of expansion, 5 to 1. 

Intermediate ix)int of cut-off, 13.2 inches from beginmng of 

stroke. 
Intermediate mean effective pressure, 13.28 lbs. 
Area of the piston, 3,129 square inches. 
Initial load on piston, 129,070 lbs. 
Total mean effective force on pLston, 41,526 lbs. 
Range of tem[)erature, initial to temunal pressures, 86 

degrees. 
At 2(X) ft. |KT minute, 251.67 horse power would be 
d('V(lop(»d. 



Low pressure initial, 8.25 lbs. absolute. 

Low pn^ssure terminal, 5 lk)s. absolute. 

Low pressure effective initial, 8.25 lbs. absolute. 

Low prc^ssure ratio of expansion, 1.65 to 1. 

Low pressure point of cut-off, 40 inches from beginning 

of stroke. 
Low pn^ssure mean effective pressure, 7.49 lbs. 
An^a of the pLston, 5,541 square inches. 
Initial load on piston, 45,713 lbs. 
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Tola] mean effective force on piston, 41,526 lbs. 

Range of temperature, initial to terminal pressures, 21 de- 
grees. 

At 200 ft. per minute, 251.67 horw; power would be 
developed. 

Sum of the power of all three cylinders, 75.5 indicated 

horse power. 
At 96 per cent efficiency of machine, 725 pump horse 

power would be developerl. 
Steam per hour per diagram would be ... , 6,334 11>b. 
Steam jackets per record, 15.45 per cent . . . J, 158 Ibe. 



Total steam per hour 7,492 lbs. 

St«ani per indicated horse power hour, 9.92 lbs. 
Steam per pump horse power hour, 10.33 lbs. 

I Duty per 1,000 lbs. of steam, 191,647,830 ft. lbs. 
Initial load of all three pistons together, 249,573 Uw. 
A comparison of these two examples will show the great 
reduction in the range of temperature in any of the cylinders 
of the triple engine; in the high pressure cyhnder the range is 
only 96 degrees a.s compared with 203 degrees of tlie single 
rylinder condensing engine; in the intermediate cylinder the 
range of temperature is only 86 degrees, while in the low pressure 
cylioder, where the greatest damage to the steam would naturally 
Ic done, the range is reduced to the insignificant amount of 21 
i^egrees, or only a little over 10 per cent of what it would \v 
Ix'tween the pressures due to the expansion in a single cylinder 
of equal dimensions. And, as in botii cartes the low pressure 
cylinder is next to the condenser, the ijnportance of the change 
about by multiple expansion cylinders becomes 



Fiirther than this there are several incidental reasons why 
three cylinders will give much better effects practically 
one large cylinder with reference to the steam jacketing. 
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It will be noted that in the hi^ pressure cylinder of the triple, 
the range of temperature due to the two pressures of steam, 
one at the initial of 165 lbs. and the other at the terminal of 41.25 
lbs. both absolute pressures, is not only reduced to less than half 
of that in one large cylinder, between 165 and 5 absolute, but also 
the jacket surface in the hi^ pressure cylinder amounts to 1.08 
square feet of jacket surface per cubic foot of cylinder, including 
the area of one cylinder head, while the jacket surface is only 



IW lbs. abaolau p 
IM lbs. Oaogc praMv*. 
Enltfad •tMm pnMurtk 
Tnnperstiir* MS? 



Bang* of T«mp«r»tar* tnm talttel Pra«ar* to Ttrmliul 

•4" Cylinder s m" Stroke 

ILB.P. ■• M lb*, net. 

•n Horo* Povor at SM fset platoa ipood. 

Oot-off aj* from bofinnlnc of stroko 

Botio of tzponston ■ U to 1. 




Jjba. obooloto tomlnol preMiaro. 



Porfcct Vocuum 16S« Twrnporoturv, Piihr. 

Fig. 18. —The lUriotte Cunre in a Bingle Cylinder in PnetiM. 

.75 of a square foot of heating surface for each cubic foot of 
cylinder for this one large cylinder. 
This tabulated is as follows: 

Jacket Surface per Cubic Foot Contents of Cylinder 

S4 inch cylinder, 0.75 sq. ft. 
63 inch cylinder, 0.92 sq. ft. 
30 inch cylinder, l.SO sq. ft. 

The lesson from the above is that the range of temperature 
represented by the sensible heat of steam at the initial and at 
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the terminal pressure, in the hi^ pressure cylinder, is less than 
half of that in a single large cylinder. The ratio is 2.4 to 1 in 
favor of the high pressure cylinder, and the radiating distance 
from the side surfaces to reach the center is 2.8 times greater in 
the large cylinder than in the high pressure cylinder. The 



IM lb*, abaolau prcMor^ 
IM Iba. 0«a«* preMsrs. 



Inlttal •team prennrc. 
Tenpenitnr* IM.* 
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8<6- STtVM" Pahr. 
M iuch Cylinder, M Inches Stroke 
1LELP.« fiinsibs. 

m Hone Power at MO feet pUton speed. 
Cat-ofrMi6.M Inches from bcflnulng of stroke 
Batio ol expansion's. 89 to 1. 




42.3« lb*, slieolute 



43. M lbs. absolute temilnal 



X70' Teroperatope, Fahr. 



«t.M Iba. abeolate pressure. 
2 S7.M Iba. Gamce pressure. 



k 



J Initial slcani pressure. 
^Temperature S««*Fah. 

Intermediate Cylinder 

ConntiT |»rp««nrc 



Banffe of Temperature from Initial to Terminal Pressures 
S702. IVT'l.TSO Fahr. 
M inch Cylinder, M Inches Stroke 
M.E.P.'B 14.998 lbs. n* H.P. at SM feet pislon speed. 
Cnt-offM 17.84 Inches from beffinnhis of stroke 
Ratio or expansion m S lo 1. 



11.45 lbs. absolute terminal 



11.42 lb*. mUoIuIv 



197'* Tviiiperature, Fahr. 



Bange of Tcm|M>nitiin* from Initial to Terminal Pressures 
197-I«2't86* Fahr. 
11.45 lbs, absolute presaure, lulllal. Atmoopherir Line for Low Pressure Cylinder 



^ 



Good Practical Vacunm 



163* Temperature, Fahr. 
5 lbs, aba, terminal press. 



M Inch Cylinder, M Inchra Stroke 
1LK.P. -^.aaaiiHi. 



Pi-rrvol Vacuum 



S34 Horse Power at MO feet piston apeed. 
Cut-ofT s 3i<.73 Inches from beginning of stroke 
Ratio of rxpansloii 2.29 to I. 



Fig. 18. — The Xariotte Cuxra in a Triple Engine in Practioe. 



range of temperature n^presented by the difference in initial and 
terminal pressures in the intermediate cylinder is less than half 
that in the large single cylinder and with a greater proportionate 
jacket area. And finally the range of temperature in the low 
pressure cylinder of the triple is only about one-tenth of that of 
the single cylin Jer, and with an equal amount of jacket surface. 
The work done in the water end of a pumping enjrine under the 
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Thied Exahple 'See Fig. 12^. 

Single C^iiryier. Strai^ C^mdnurimg Emgime^ im Practice^ 

Ooe r^iindpr. M iDcbets duuneter. €6 incfaes stroke. 
InitiiJ «u-aiL f^re?tsure 163 Ih?. absolute, or 150 lb?, per gauge. 
Terminal prF^ss^wZre 5 li:l^. absolute, or above perfect vacuum. 
Ratio of exp»an?don, 33 to 1. 

Point of cut-off. 2 inches from begmmng of stroke, no clear- 
anoe. 

Mean f fff-ctive prei?^iire for the :?troke, 22.48 lbs. 

LoK- >howii by be>t practicable vacuimi. 2.i8 lbs. 

Xet nifan effective pressure in one S4 inch cjrlinder, 20 lbs. 

.\rf*a of the ja-ton, 5,541 s<|uare inche?. 

Total net mean effecti\T force on the piston, 110,820 lbs. 

Range of teinpcTature from initial to terminal pressures, 

203 degr«*s. 
At 2(KJ ft. jjfT minute. 672 indicated horse power would be 

develoix»d. 
At 96 [XT cent etficiency of machine, 645 pimip horse power 

would Ije develojx'd. 



F()rHTH Example (See Fig. 13). 
TrifAe Exjxmsion Pumping Engine in Prdctice. 

High [)ressure cylinder, 30 inches diameter. 
Intermediate cylinder, 56 inches diameter. 
Low jm'ssure cylinder, 84 inch(»s diameter. 
All of (W) niches stroke. 
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Total net piston force as per Third Example, 110,820 lbs. 
One third of 1 10,820 lbs. each piston of triple engine, 36,940 

lbs. 
Hi^i pressure initial, 165 lt).t. absolute. 
High pressure terminal, 42.36 lbs. absolute. 
High pressure effective initial, 122.64 lbs. 
High pressure ratio of expansion, 3.89 to I. 
High pressure jroint of cut-off, 16.96 inches from beginning 

of stroke. 
High pressure mean effective pressure, gross, 57.64 lbs. 
Deficiency in practical high pressure diagram, 5.317 ll>s. 
Net mean effective pressure, higli pressure cylinder, 52.323 

lbs. 
Area of the piston, 706 square inches. 
Total mean effective force on high pressure piston, 36,940 

lbs. 
Range of temperature from initial to terminal pressures, 

95 degrees. 
At 200 ft. per minute, 224 horse (kiwit would !« developed. 



Intcmicdiale cylinder, initial 42.36 lbs. absolute. 

Intermediate terminal, 11.45 lbs. absolute. 

Intermediate effective initial, 30.91 lbs. 

Intermediate ratio of expansion, 3.7 to I. 

Intenuediate point of cut-off. 17.84 inches from beginning 

of stroke. 
Intermediate mean effective pressure, 14.998 lbs. 
Area of the piston, 2,463 square inches. 
Total mean effective force on piston, 36,940 lbs. 
Range of temperature from initial to terminal pressures, 

73 degrees. 
At 200 ft. per minute, 224 horse power would be developed. 



Low pressure initial, 11.45 lbs. absolute. 

Loss shown by best practical vacuum, 2.48 Ibe. 
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Low presBure effective initial, 8.97 lbs. 

Low pressure terminal^ 5 lbs. abecdute. 

Low pressure ratio of expansion, 2.29 to 1. 

Low pressure point of cut-off, 28.73 inches from beginning 
of stroke. 

Low pressure mean effective pressure, gross, 9.14 lbs. abso- 
lute. 

Loss shown by best practicable vacuum, 2.4733 lbs. absolute. 

Low pressure net mean effective pressure, 6.6667 lbs. 

Area of the piston, 5,541 square inches. 

Total mean effective force on piston, 36,940 lbs. 

Range of temperature from initial to terminal pressures, 
36 degrees. 

At 200 ft. per minute, 224 horse power would be developed. 

Sum of the powers of all three cylinders, 672 indicated 
horse power. 

At 96 per cent efficiency of machine, 645 pump horse power 
would be shown. 

Steam per hoiu* per diagram would be 6,334 lbs. 

Steam jackets per record 1,158 lbs. 

Total steam per hour 7,492 lbs. 

Steam per indicated horse power per hour, 11.14 lbs. 

Steam per pump horse power per hour, 11.67 lbs. 

Duty per 1,000 lbs. of steam, 169,657,240 ft. lbs. 

With 109(^ jacket consumption, the steam per indicated 

horse power per hour would be, 10.47 lbs. 
And the duty per 1,000 lbs. of steam, 181,484,876 ft. lbs. 

Note. — This demonstration was written about 7 months before the 
new record of 181,065,943 duty per 1,000 lbs. of steam was made at St. 
Louis in April, 1906. 

The raise in duty between 15.45% and 10% of the total 
^teani consumed in the jackets, shows the importance of limit- 
ing the use of steam in the steam jackets to the lowest needed 
amount, and some further remarks will be made upon this point 
iind(T the head of steam jackets. To state this jacket percen- 
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The dimensions which work out in this chapter as an ideal 
engine, with which to consider the Mariotte curve, and supposed 
to be. of the vertical triple expansion, crank and fly wheel tjrpe 
has steam cylinders as follows: 

High pressure cylinder, SOf inches diameter. 

Intermediate cylinder, 63i inches diameter. 

Low pressure cylinder, 84 inches diameter. 

All with a stroke of 66 inches. 

Capacity, 15,000,090 U. S. gallons against 120 lbs. load. 



CHAPTER VI 

STEAM JACKETS 

The measure of economy brought about by the use of the 
steam jacket applied to the cylinders of steam engines has long 
been a disputed question. But in all such matters the evidence 
comes forward slowly on account of the many varying conditions 
involved, and the scarcity of opportunities for making demon- 
strations both ways, with the engine design, the adaptability of 
the design to the work, and other matters remaining the same. 
It i^ very easy to conceive of a large and important engine being 
badly adapted to its work; or, the steam jackets on any sized 
engine being badly proportioned or badly applied, or badly 
supplied with steam, either too much steam or too little. The 
saving of one pound of steam per hour with an engine of say 
1,000 horse power, 'and this is not a large machine these days, 
means as per the following statement : 

Steam per hour supp)osed to be saved by steam jacket, 

1,000 lbs. 
Coal at 8 lbs. evaporation, per hour, 125 lbs. 
Fraction of a ton of 2,000 per 10 hours, .625. 
Coal for 10 hours, 1,250 lbs. 
Cost of .625 of a ton at $3 per ton, one day $1.87. 
Cost of coal saved for 300 days per year, $562.50. 
Capital upon which 5% would be earned, $11,250. 

The main question is after all, will a part of the steam going 
throu^ the jackets and a part going through the cylinders 
result in the use of less total steam than all of the steam going 
through the cylinders, or will it not? 

The writer has experimented a good deal with steam jackets 
for the past 20 years, and distinctly remembers that upon several 
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occasions when the jacket steam had been greatly restricted for 
experimental purposes, and the record made by several hours 
run, the steam supply valve for the jacket was again opened up 
full on; whereupon the engine increased its speed two or three 
turns per minute. This being immediately noted and that no 
other condition had been changed, experimental runs were made, 
and, although a little greater speed was maintained with the 
increased amount of steam going through the jackets, and a 
little more water pumped, generally about 3 per cent, there was 
a net loss for the reason that the increased steam let into the 
jackets was more in proportion than the gain in mechanical work; 
the jacket supply was again cut down and the net efficiency rose 
at once. This demonstrated that too much steam could be 
admitted to a jacket and also that the heat will do the work 
whether it goes through the main throttle valve into the work- 
ing cylinders, or through the metal of the cylinders. So far as 
coal consumption, and therefore the cost of the power from that 
item was concerned, it did not matter whether the heat went 
through the metal and after bringing the working steam pp to 
the best point of efficiency, sent a surplus of beat into the exhaust 
and into the traps; or whether the cut-off was let out and steam 
followed the piston to a little later point in the stroke. It was 
also demonstrated that when the jacket valve was opened wider, 
the cut-off point had to be set back to keep the engine down 
to normal speed, and when the jacket steam was restricted the 
cut-oflf point had to be advanced to maintain the speed up to 
the mark. Therefore it follows that it makes no difference in 
gaining or reducing speed whether more or less steam is admitted 
up to cut-oflf or into the jackets, so far as each of these items 
is concerned separately. The proper combination of jacket and 
cut-oflf conditions however control the item of steam economy. 

There are so far no claims that the steam jacket has made any 
losses in any plant at all adapted to the work in hand, and the 
records mostly show at least that the jackets even in the cases 
of apparently bad showing, pay for their own steam and a little 
more, but whether they pay for their existence seems to be in 
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3 doubtful to say the least. The steaiii jacket is not 
a veiy cosily addjiion lo a steam cylinder and the net saving 
doe^ not have lo lie .so very much to pay for ita being put there, 
A point not made entirt-ly clear so far with mill engines, is whether 
or not the gross work, or the indicated horse power, is more or 
not without the jackets. All conclii.-'ioiis with mill engines have 
of course been baj^cd upon the indicated power, and in the case 
of a dry cylinder with jackets as against a damp cylinder with- 
out jackets, the former may furriLsh a greater proportionate 
amount of useful power; which means that with moist steam in 
the cylinder some perceptible effort may lie necessary u()on the 
part of the engine to overcome the "laziness" of the piston. 
In mill engines this is not an easy point to determine, but with 
a pumping engine wherein the net work is so easily measured, 
all or nearly all results favor the steam jacket. When Geo. H, 
Corliss made his five cylinder slraiglit condensing pumping 
engine for the city of Providence, liack in the seventies, his 
results would no doubt have been very much Ix-ttcr had he fitted 
the engine with steam jackets, as is evidenced by the enormous 
evaporation and liigh terminal pressure in the steam cyhnders. 

A case in point is as follows: 

A compound duplex condensing pumping en^ne of 2,000,000 
gallons daily capacity had been installed, and under the contract 
had been calculated to operate without steam jackets. But to 
save time, and the making of new cyhnders, a set of cylinder 
easting was used which had been on hand for some time, and 
which had steam jackets. The engine was started up without 
connecting up the jackets, and, although the indicated horse 
power seemed to !«■ ample for the water load, and the steam per 
indicated horse jiower seemed to be reasonable, the engine could 
not be brought up to speed. In other words the steam per 
horse power hour wa."! all right but thf apparent mechanical effi- 
ciency of the machine was all wrong. After testing out for line 
and for undue friction in the engine, and these found to be normal, 
the steam jackets were coniiectwl up and the trouble was over- 
eome at once. 
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WTiere reheating effftrt? are sou^t in chimney flues the 
appaivnt usiiefuiness of the steam jacket may appear small; but 
if the heat of a chininey flue is applied to its legitimate work of 
heating feed water or is absorbed in making steam within the 
boiler Ijefore rt-aching the flue, the net results mig^t be better 
than letting such heat escape from the boiler and then attempt 
to get it back again into ^teani on its passage from one cylinder 
to another by the us** of coils in the boiler flue. The net profit 
of a steam jacket li< s largely in the manner in which the jacket 
Ls arlaptf^l and applied. 

In the modern pumping engine of hi^ eflSciency and of co::> 
parative high first cost, liut which when properly designed and 
built, and profjerly a^Japted to its task, returns a \iery hand- 
fiCiiiM.' profit \x\)on its excess of cost over a cheaper but more 
extravagant competitor, it l< sometimes impossible to use the 
higli rates of exi)aii>ion needtHJ for desirable results without 
condensing from 25^^ to 40^ of the initial steam within the 
cylinders in the al>s<'nce of steam jackets. Therefore, if we can 
it\\H'\\i\ say I.VV of the total steam and save 30^ then the use of 
steam jackets will pay. 

To illustrate this. sup|)osing that a pimiping engine could be 
Hupi>rud with 7,(¥K) ll)s. of steam jxt hour from the boilers; and 
that without steam jackets, say. 30^( of the total steam \iill be 
rondeiir-ed within the cvlimlers. Then we should have a loss of 
2,HX) ll)s. of steam, making only 4,9()0 ll>s. available for work per 
hour. I'liis would at the lx*st record give 472 horse power, and 
counting the- lf)st steam there would lx» a consumption of 14.7 
Ihs. |;<T liorsi* power jmt hour without steam jackets. By the 
iis4* of strain jackets in such an engine projx^rly applied and 
o|>r-ratc(l, if \7}[[ of the total steam supplied should be used 
in the jackets and most all of the initial condensation pnr\'en ted, 
then the amount of steam >aved per hour would be 1,050 lbs. 
giving available for work, 5,050 lbs. of steam, which at the 
record rate jkt horse power would develop 573 horse power, 
or give a horse power for 12.2 lbs. of total steam. The gain in 
l>ower would Ix* 2V/(^ and at 8 lbs. evaiX)ration with coal at $3 
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per ton the diffprenco lu corit of power in favor of sU-am jackpis 
would \)p 5% per aniunii on 834,492. Such ijerfection as men- 
tioned above would be \'ery hai'd to reach, but the sa\'iiig by 
the jackets would without doubt reach tho net amount in the 
steoiii of 10%, and this at S lbs, evaporation and with coal at 
$3 per ton 'vould pay 5% per annum on $22,995, which represents 
a gifat deal more tlian the difference between jackets and no 
jackets in the nialt^'r of construction. 

Therefore it can safely be saitl that with pumping engines, at 
it under most conditions, enough more ;<team can be saved by 
jackets than the uses of the jackets and reheaters call for. 
to make such practice profitable, especially if the conditions 
are carefully considered as to ratios of expansion, steam jires- 
auTPS. and the relation tetween the jacket heat and the work- 
ing steam. In this onneclion, certain very high authorities, 
Iwrh in tliis country and abroad, have concluded thai when 
,jiroperly designed and applied, steam jackets will use from 4% 
6% of the total steam sent to the engine in single ^.-ylimler 
insing engines under the ordinary ratios of expansion, and 
compound and in triple engines from 9% to \2%, although a 
few CAWS have shown as high a consumption in the jat-kets as 
15% of the total steam supplied to the engine. The pumping 
ipne holding the world's record for economy, September 1, 
1005, of I6;!,925,0(K) ft. lbs. per 1,000,000 heat units, or of 10.335 
of dry steam per horse power i>er hour condenses in its jackets 
i% of the total steam used. II." pressures when the record 
taken were as follows: 

Steam at throttle, 1S5 lbs. gauge. 
St«im in first receiver. 31 lbs. gauge. 
Steam in second receiver, 1 1 lbs. absolute. 
Steam in high pressure jacket, 1J45 llis. gauge. 
Steam in intennediate jacket, 74 lbs. gauge. 
■ Steam in low pressure jacket, 5 lbs. gauge 

s a result of many records the fact se*rnia to be that single 
ier condensing engines will save from 2 to 3 times net, Ihe 
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amoiint of steam used in the jackets; compound engines about 
twice as much net, the amount of steam used in the jackets; and 
triples about as much net, fis the jackets use. 

The conditions of pressure under the above mentioned saving 
of steam by the use of jackets, is laid down as follows by the 
British Board of Admiralty : 



Type of Enoikk. 


Qacob Pbesscbb. 


Single cylinder condensing 

Compound condensing 

Triple condensing 

Quadruple condensing 


90 lbs. initial. 
120 
160 
225 



Rotative speed does not seem to affect the case if the proper 
conditions otherwise exist. There are records of compoimd 
engines at 250 revolutions per minute, using 6 per cent of the 
total steam in the jackets and saving 9 per cent net, or the 
jackets use 6 per cent of the total steam sent to the engine when 
jackets are used, and save 15 per cent over what the engines 
will do without steam jackets, thus making a net economy or 
profit by the jackets in that case of 9 per cent. The entire 
desirability of steam jackets seems to be a question of their 
uselessness or their usefulness, and these qual'iies r.rc in turn 
dependent upon their design and arrangement. It Ir; obvious 
. that well jacketed heads expose a generous area cf surface in 
proportion to the rather limited body of the initial Steam and 
will have a more decided effect in furnishing latent heat for 
entrained water, than merely jacketing the sides which are not 
exposed until a goodly portion of the stroke has been accomp- 
lished; and after all the prevention of initial condensation is 
the most valuable use of a jacket, for one simple reason among 
others, that is, if the steam starts dry, the constantly falling 
pressure due to expansion presents no tendency to moisture 
which cannot be instantly taken care of under the lowering 
pressure and the constantly high temperature within the 
cylinder and jackets. 
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linth a 90 iDch cyHnder for example, when the piston has 
moved 2} inches from the beginning of the stroke, the initial 
8team will represent about one cuIhc foot of quantity, while with 
a jacketed head the heating area of the head will represent about 
5 square feet of surface. 

With jacketed sides and with no head jackets, the sanie aciount 
of motion of the piston would give one cubic foot of steam to be 
heated and a little over 1} square feet of heating surface. And 
besides this, with the jacketed head the radiation would ha\-e 
to go 2J inches only to comjJetely penetrate the steam, while 
with the side jacket the radiation would have to ^r> 1.5 inches 
to reach the entire body of steam. These r*->uii> wuiiIJ lie more 
or leas modified by the admisi^ion ports and the heat o: tFrf- incom- 
ing steam, but this would be robbing Pf-ter to {:<ay Paul, and 
Paul's s^are would not represent the full rc»'f »her>" of Peter, either. 
ScHne of the apparent inconsistencies o: the rejorted steani 
consimiption in the jackets might fcr^My h*- explaine*! by ja-t 
such differences in the application of stean. jack*-t-. .Such jackets 
are of aU kinds and qualities, according to the more or k-^ suc- 
cessful attempts of the designer: a high e^iency of jar'kf t frr^n 
a well jacketed cylinder head, workiiig up<#ri rJje initial i-XtHtu 
at the instant of its admission and n^^-ar the ^-ori.nienceriierit of 
the stroke, wherein a comparatively linJtf-d area I? giving a 
hi^ily useful effect, may result in thf u^ ^A a ver>' UifAfrsiU' 
percentage of the total steam, but courjtmg hea^"ily in tlje gewral 
economy of the engine: while indiiierenTly jacketed Ijeadf^ and a 
thorou^y jacketed barrel, or a wf-U jacketed barn-l and uo 
jackets at the heads, might ^'ery easily re^oilt in a great 'ii-al of 
jacket condensation with no ver}' gr^-at gain in the i^'in'ml 
economy of the engine. Record* sjiow ai] xIat way frof/i J ]m r 
cent to 20 per cent of tlie total rtea::. u*^i in the ja/k' t- 
according to the design of the engine, the 'Je-igij and ap/Ji'-atjon 
of the jackets, and the huiylred and or/- condition*? un^i^-r v.}ii/|i 
the entire outfit might be riJBide to operate. 

It mtist alwavs be borne in uind that tJ>e lower xU-, tr/H^if' of 
refinement in deagn in a steairi engii#- *i^ '-a^ier it i« to ifii|/fovr 
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its operation. And the hi^r the degree of refinement the more 
difficult and also the closer must the conditions be accommo- 
dated. With an engine taking steam full stroke, and regulating 
its operation by raising or lowering the initial pressure, it is 
already working under about the worst conditions it can, and 
damage to its economy or an increase in its efficiency is rather 
difficult to accomplish without some departure from its scope or 
plan. By applying a cut-off to such an engine, an immediate 
improvement is observed, but this is accompanied by the fact 
that the load must be adjusted within certain limits in order 
that the best results may be obtained. Now, compound this 
cut-off engine, and a still greater improvement is obtamed, but a 
still closer line must be dra^Ti for its operation and manipulation. 
Then make it a triple expansion engine, and the lines lie still 
closer to conditions for satisfactory work. Again, make the 
engine quadruple expansion, and a still more exacting adapta- 
tion is needed for the best work. 

With steam jacketing, after the cut-off and expansion has 
been introduced, the greatest gain Ls perceptible with the single 
cylinder cut-off engine, when the range of temperature repre- 
sented by the initial and terminal pressures is the greatest within 
one cylinder. And, as the multiple grade of the engine rises, 
to compound, to triple, and to quadruple, so that for any certain 
aggregate rate of expansion the range of temperature in any one 
cylinder becomes less and less, the advantages of steam jacketing 
gradually decrease, but ^nth the higher ratios of expansion, 
especially in pumping engines, where the net work and its relation 
to the indicated horse power can Ix^ so closely watched and noted, 
it has so far at lea^^^t Ix^en deemed necessary for acceptable results. 

In making a comparison in the matter of steam jacket value 
and price of a pumping engine, the follownig will be instructive 
in a practical consideration of the subject: 

Supposing the contract price of a triple expansion pumping 
engine of the highest typi^ of efficiency as shown in regular 
practice, to Ix*, say, $93,000 ready for service. The engine to be 
of 750 indicated horse ix)wer, and to \ye al)le to develop a horse 
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ffr vith the consumption of 10.50 lbs. of steam per hour 

Including jackets, making 7,875 lbs. of steam per hour. Also 

Uppoeing that the jackets used 10% of the total steam, leaving 

f,087.5 lbs. of steam per hour as the quantity required for con- 

umption within the cylinders. Then upon this basis, allowing 

hat without steam jackets, the moderate amount of 20% is 

taken for condensation within the cylinders, there would be 

required 8,834 lbs. of steam per hour if jackets were not used, 

istead of the above mentioned 7,S75 lbs. Tlien at the practical 

Ijveryday evaporation under 150 lbs. steam pressure of 8 to 1 

! difference in coal would be 1.43 tons \iCT day of 24 hours, 

Inany of such engines generally running 24 liours per day. At 

I per ton this will capitalize at $31,337 at 5% per annum. 

s amount deducted from the price of $93,000 for the jacketed 

aigiiie, will produce $61,663, which is a price very much below 

! cost and value of an unjacketed engine of otherwise equal 

lity, design and capacity. 

There is a jacket rfcord in a well established case, involving 

ferhat might be called modern pr&ctice, and of very recent years, 

i low as 9\% and, as indicating the important effect of steam 

icket efficiency in proportion to steam used in the jackets, the 

■ollowing table of steam per indicated horse power per hour and 

r duties is given. A practical demonstration was made in a 

^nt case bearing directly upon this portion of the subject 

phidx clearly illustrates tlie importance of not using too much 

[earn in the jackets. The duty of a certain pumping engine 

i not been satisfactory, but a strong belief existed that Iwtter 

ssults could lje shown if the machine was operaied under more 

appropriate conditions. When tirst e-xamined, the engine was 

running at normal speed with the throttle valve wide open and 

the presBures a^ follows: 
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The first thing done was to ascertain the amount of steam 
being condensed in the jackets, and at the same time run a short 
duty test per 1,000 lbs. of steam. The jacket steam was found 
to be about 18% including receiver coils, which was at once 
considered to be entirely too hi^. Then after some careful 
experimenting, and several tests run under di£ferent conditions, 
the final test for duty was carried out, and the best results of 
which the engine seemed capable were obtained with the press- 
ures as follows: 



Sticaji At 

Thbottlk, 

Qacob. 


First Skcovd 
Kkcbivkr, Reiki vkk, 
Oauok. Gauge. 


High 

PBRK8URK 
JAIKBT, 

Gauok. 


Iktkb- 

MKDLATB 

Jacrkt, 
Gauok. 


Ix>w 

Pbbmu&k 

Jackxt, 

GA OOB. 


151 


36 


4i 85 


15 


2 



The following is the table referred to, showing the effects of 
an increasing consumption of steam within the jackets brou^t 
about presumably by different adaptations of the steam jackets 
to their work, some more effective than others. The table is 
based upon one set of conditions only, and are 150 gauge pressure, 
33 expansions, 5 lbs. absolute terminal, and the consumption per 
hour of the working steam of 6,334 lbs. within the cylinders, 
giving 672 indicated horse power. It must be plain that the 
lower the amount of jacket steam with which the work can be 
done, the nearer 100% will be the working steam, and the hi^er 
the duty \\ill be per 1,000 lbs. of steam consumed, including 
jackets and receiver coils. 



Pkkcrntaoe of 


Steam per hour per 


Total Steam Used 


Indicated Horse Power 


IN THE Jackets. 


Including Jackets, etc. 


9 


10.28 


10 


10.47 


11 


10.59 


12 


10.71 


' 13 


10.83 


14 


10.96 


15 


11.08 


16 


11.25 



Main Pump Duty prh 1,000 
LBS. of Stbam. 



183,503,243 
181,484,876 
179,510,607 
177,737,881 
175,531,915 
173,380,035 
171,429,437 
169.230,796 
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oniployment of the steani jacket, and that is, when the cut-off 
vaJw closes and the working steam is shut within the cylinder, 
this working steam is compielely tjeyond reach of direct nianipu- 
lalion, so far as saving and returniTig to the boiler any part or 
portion of its heat or substanec. It is beyond reach and must 
go its way for lietter or for worse. But with a steam jackel, 
alter the titeani in the jacket has given up sufficient heal to the 
lylindiT waits, and tlirougli these walls to the working charge of 
within, the residue of hot wati-r, or whatever remains, may 
returned to (he boiler, with the satisfaction that it has only 
n up whatever has been useful, and the remainder or unused 
imrtion Li still on hand for future U-sefulness. 

Wieu it began to be comprehended thai higher steam press- 
and higher ratios of expansion apjwared to be the road to 
ler duty, the way seemed clear. But an usual, new difficulties 
led up; in time to be cleared away in their turn. Among 
these troubles wen? higher ranges of ten ijierat lire within the 
steam cylinder, although at first not understood; and a very un- 
equal liistribution of impulse and working strains from the great 
difference between the initial and the terminal steam pressures. 
Active forces in nature seek to produce equilibrium, or, in other 
ords, a balance: and taking advantage of these eflforts is just 
■TP. mankind turns such forces to practical account and use- 
Water on top of a hill will run down until a general 
ivel is reached and rest obtained, and we all know what man 
does n-ilh water going from a higher to a lower level, Different 
degrees or different forces of heat, so to sjx'ak, in different parts 
of the same substance will endea\'or to bring the entire mass to a 
balanced temperature or uniformity of heat throughout the 



Initial or incoming steam mthin a cylinder, at a gauge press- 
ure of 150 lbs., or UiS absolute pressure, ttie latter pressure oli- 
tained by adding to the gauge pressiin*, the atmospheric pressure 
of la llw., has a temperature of 365 degrees by the Fahrenheit 
I thermometer. And if, after the cut-off valve has closed, the 
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steam should be expanded down to 5 Ibe. absolute pressure, or 
5 lbs. above a perfect vacuum, equivalent to a little more than 
19 inches of vacuum, then the temperature of steam at the lower 
pressure in the absence of extra heat would be 162 degrees, or 
203 degrees below the temperature of the initial or incoming 
steam at the next stroke of the piston. In the absence of some 
adequate means for pre8er\'ing the heat of the cylinder walls, as, 
for example, a steam jacket, it is not difficult to perceive that a 
great deal of condensation in the initial steam would take place, 
and that the actual temperature of the cylinder walls will be 
somewhere at a point between the two extremes of temperature, 
much below and very damaging to the initial steam, on account 
of the high temperature of the incoming steam, and the natural 
tendency of heat towards striking a balance of temperature in all 
parts of the same mass. 

To illustrate this action of the expansion of steam and the 
diflFerence between the initial and terminal temperatures within 
an engine cylinder, reference is made to Fig. 14 which represents 
a complete or absolute pressure of 166 lbs., equivalent to a gauge 
pressure of 150 lbs. expanding to 33 times its original volume, 
and down to a terminal pressure of 5 pounds above a perfect 
vacuum. Or from 165 absolute dowTi to 5 absolute, and thus 
indicating a range of temperature of 203 degrees if such condi- 
tions could be maintained within a steam cylinder after the 
closing of the cut-off valve. Now if the temperature of the 
cylinder walls could follow that of the inclosed steam on the 
downward grade, and finish with the expansion of the steam at 
162 degrees, of course, as already pointed out, the incoming 
steam at 365 degrees would suffer severely from condensation 
when entering the cylinder with its walls at 162 degrees, and 
this would take place at every successive stroke of the piston, 
thus robbing the operation of expansion of a great deal of its 
natural advantages. The temperature of the cylinder walls, 
however, would never get down to 162 nor up to 365, but 
without outside aid from auxiliary heat would strike a sort of 
fluctuating balance somewhere between the two temperatures; 
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rising and falling in the nei^borhood of the average temper- 
ature at each stroke, and reevaporating a great deal of the 
water of condensation towards the finish of the stroke. 

Considering this rather extreme illustration of the effects of 
steam expansion, it would not take a great deal of experimenting 
to determine just about where the practical and useful limits of 
high pressure and ratio of expansion were to be found with steam 
used in an ordinary cylinder without steam jackets or some 
other means of maintaining heat in the cylinder walls^ This 
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Tig. 14. — The Mariotte Curve showing Bange of Temperature. 

would probably be with an initial pressure of about 80 lbs. per 
gauge and with about 4 expansions within any one cylinder. 
But even with steam jacketing, with the tremendous range of 
temperature of 203 degrees called for by the differences of pres- 
sing for 33 expansions, a good deal of condensation and consequent 
loss would practically take place in such work, and this drives 
home the argument that the higher the number of cylinders, the 
lower the ratio of expansion in one cylinder and the less effective 
is steam jacketing, while such an attempted range as 203 degrees 
presents the most profitable field for the steam jacket operation. 
To more fully illustrate this action, a comparison has been made 
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in Chapter V in which the Mariotte curve is rather fully explained. 
This comparison is made between expanding 33 times in one 
cylinder, and expanding 33 times through three cylinders as 
exemplified in the present day triple expansion pumping engine. 
And the comparison for cenvenience' sake Is made with the idea 
that perfect vacuum is obtained within the sin^e cylinder and 
within the low pressure cylinder of the triple engine, and it 
is also assumed in both cases that all of the working steam is 
accounted for by the diagrams. 

An interesting experience by the \^Titer will fit in here in con- 
nection with the heat of cylinder walls. A non-condensing, non- 
jacketed vertical Corliss engine, built by the parent company, 
was being experimented \iith for compression; the cylinder 
was 28 X 60, the engine making 50 revolutions per minute. 
A second eccentric had been fitted to this engine so as to secure 
independent adjustment for the exhaust valves and obtain any 
desired amount of exliaust lead and compression without inter- 
fering with the range of cut-off or the operation of the induction 
valves in any manner. In a word, so that both admission and 
exhaust valves could be adjusted to the best point of efficiency 
without interfering with each other. The initial steam shown 
by the indicator was 85 lbs. per gauge; the point of cut-off 
was just about 20 inchc^s from the beginning of the stroke; the 
counter pressure was 3 lbs. i^er gauge. The indicator was 
attached, and after some experinienting with the eccentric for 
the exhaust motion, the rest of the compression adjustments 
were made by lengthening or shortening the exhaust valve 
radius rods, the jam nuts being kept loose and the rods turned 
either way as the demand called, after each indicator card was 
taken. It was found that 45 lbs. was about the limit of com- 
pression without disturbance in the diagram, and when 45 lbs. 
was reached in the compression curve a small dot appeared 
where the indicator paused for an instant before the admission 
line showed that the induction valve was open. By persisting 
in the attempt at more compression than 45 lbs., a hook, in the 
line formed where the compression and admission lines joined. 
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began to appear; and when the pxlmi£<t valve was adju.'<ted 
bej-ond a wrtain jjoint of closure, the compression stopped 
and a slighl drop took j>lace wliich met tlie admLssion line, 
thus forming from the bottom of the card, first a most lieauti- 
ftil compression curve up to 45 lbs. gauge pressure, llien a drop 
hook covering a range of about 4 lbs., aiid then the admission 
line took up the work and went up to the initial pressun-. 
Hundreds of experiments were tried and all sorts of changes 
nmg upon the diagrams. The compresi^ion curve could be 
made to glide smoothly into the admission line at ju.st about 
45 lbs. pressure; then lengthening the radius rods, the small 
dot made by the paa-iing [jencil woidd liegin to api:)ear: this 
dot would grow in size and finally develop into a slight olT-«et 
in the -diagram; then the hook downwards would Ijegin to 
appear: and finally the diagram would be rept^ated many time.-: 
unchanged as the conditions were established witJi ihe exhaust 
valve closing at an earlier point than the temperature of the 
cylinder walls would support the compressed steam. This 
operation could be reversed and the downward hook sent back 
into a dot; this dot gradually diminishing as the radius rods 
were a<ljust«d shorter and shorter; until finally ujwn the re- 
verse experiment the smooth compression curve died out into 
I admission line an the incoming steam sent the pressure 
) the initial iwint. 
3 temperatures were a" follows: 

^Initial steam, gauge pressure, 327°. 

iCounter pressure, 3 lbs. above atmosphere, 220", 

■ Top of perfect compression cur\-e, 45 lbs. gauge, 292°. 

■ Top of cur\'e with hook. 49 llw. gauge, 296''. 

fleeniB to indicate, after 45 lbs. was reached, which 
Itppesenls a temjXTature in the steam of 292 degrees, that tlie 
UmitM of the temperature of the cylinder walls had been also 
reached: and although the great abundance of work available 
carried the pressure up 4 lbs. before the formation of compressed 
.steam was stopped and representing a top limit of temperature 
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of 296 degrees, the temperature of the h-on was probably very 
close to 292 degrees; or between 6% and 7% above the half way 
pomt from ternimal up to initial. 

If this evidence as to cylinder temperature holds substantially 
correct under most other conditions, then in the examples set 
forth in Chapter V the initial and cylinder temperatures would 
be as follows: 

High pressure cylinder; no steam jackets. 

Initial steam temperature, 365°. 

Cylinder temperature, 321°. 
Intermediate cyUnder; no steam jackets. 

.Initial steam temperature, 270°. 

Cylinder temperature, 238°. 
Low pressure cylinder; no steam jackets. 

Initial steam temperature, 202°. 

Cylinder temperature, 174°. 

If these relations of temperature between steam and iron hold 
good in most cases, it shows how easy it would be to use too 
much steam in the jackets, and also illustrates the fact that if 
the jackets are not arranged to get hold of the initial steam 
instantly and dry it out, they will be extremely likely to do a 
great deal of useless work. 



CHAPTER Ml 



COAL DUTY OF PUMPING ENGINES 



'be coal duty of a pumping engine is a term which, although 
' not strictly correct and scientific, has nevertheless gotten to be 
such a widely employed expression, that it has come to be used 
as a technical way of stating the amount of woric actually realized 
in pounds of water raised against the head with the consumption 
of each 100 lbs. of coal. It is really the duty of the plant: and 
the economic coal duty actually realized by a pumping plant, 
expressed in foot pounds of work done per 100 lbs. of coal burned, 
is influenced by severtd items apart and aside from the cguah- 
fications of the pumping engine doing the work. Prominent 
among these items are: the efficiency of the boilers or the ability 
of the boilers to use the heat giwn out by the burning coal : the 
actual amount of heat possible to i>btain from the coal by its 
combustion, involving the number of heat units possible to obtain 
from any certain kind of coal: the skill of the firemen, or the 
efficiency of the mechanical stokers; the draught in the chimney 
and the proper manipulation of the damper; the cleanUnes8 
^^ad good order of the plant generally. 

^^^Bi bmlers go, 72% efficiency represents very good work. That 
^^^H say: whatever the utmost number of heat units it may be 
l^pSible to obtam by analysis of the coal, or, whatever the utmost 
number of heat units may be, which the coal is capable of giving 
out under complete combustion, if the boiler can produce under 
llie actual working conditions, between the temperatures of the 
feed water and the working steam, a quantity of steam which 
pits contained heat will represent 729^ of the total heat of the 
istioniof the coal burned, then such boilers are doing pretty 
\ work. There are records as high as 81% efficiency; and 
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with the assistance of economizers in the back flue, to give waste 
heat to the feed water before it enters the boiler, even so high as 
86% efficiency has been recorded. But the higher efficiencies 
as a rule represent a much higher cost of boiler than a 72% 
efficiency boiler, and this brings into the account the balance 
between the interest on the extra cost of boUer and the value of 
the coal saved by the higher efficiency. It is the old argument 
in another form between the high and low duty engines at a 
higher or a lower first cost. That plant will pump water under 
its own circumstances, for the least cost in money per million 
gallons sent up the hill, which is the best adapted to its surround- 
ing conditions, including the cast of coal ; and the real office of 
the expert is to make such adaptations before the plant is built, 
if he gets a chance, rather than to endeavor to make impossible 
ends meet after the plant is built wrong. 

The bearing of the practical boiler efficiency, and the heat 
imits of the coal, may be seen more clearly by the aid of a few 
figures from actual cases; and men who run pumping engines, 
who fire boilers, and who make and sell boilers, can readily 
perceive where the limits of what can really be done are situated. 

First Case: 

Boiler efficiency 72% of the heat of the coal. 
Temperature of the feed, 150°. 
Working pressure per gauge, 150 lbs. 
Units of heat per pound of coal, 14,360. 

Then the boiler woulH turn into steam 72% of 14,360, which 
means that there are 10,339.2 heat units available for steam per 
pound of coal burned, and of course this 72% efficiency includes 
the furnace as well as the boiler. 

The range of heat units between 150° feed and 150 lbs. steam 
pressure is as follows: 

150° feed; heat units per pound above 32° 119.3 

150 lbs. steam pressure, gauge above 32° 1,193.5 

Then the heat units given by the boiler to each pound of steam 
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produced, that is. one pound of wat^r pvaporattd into sleajii, w 
1,074.2, or in evpn numbers say, 1,074 heat units to l»e given up 
to make each pound weight of steani with feed at 150° and into 
stpam at 150 lbs. pres.sure per gauge. 

Ttien the dry steani possible to Ije produced per pound of coal 
under the above mentioned conditions would he at 72% efficiency 
of boiler and furnace, 9.63 lbs. 

And this shows that between 96% and 97% of the duty per 
1,000 lbs. of steam would !» realized as coal duty of the pumping 
engine. Or. if the duty hapjKned to be, .'•ay, 140,000,000 ft. lbs. 
per 1,000 lbs, of steam used by the engine, then the actual coal 
duty would be 96% of the steam duty, or 134,400,000 ft. lbs. j>er 
100 lbs. of coal, which, although something of a margin Ijelow 
the steam duty, would \k an exact e<iuivalent under the 

^umstances. 

Second Caite: 

Boiler efficiency 68% of the heat of tlie coal. 
Temperature of the feed, 150°. 
Working pressure per gauge, 150 lbs. 
Units of heat [ler pound of coal, 13,500. 
lien the boiler would turn into steam 68% of 13,500, which 
means that there are 9.1S0 heat units available for steam per 
pound of coal burned, and of course this 68% efficiency includes 
Ihe furnace as well as the boiler. 

"he range of lieat unitu between 150° feed and 1.50 lbs. steaiti 
BBure is as folIow.s: 

160" feed; heat units per pound above 32° 119.3 

150 lbs. steam pressure, gauge al>ove 32° 1,193.5 

len the heat units given by the boiler to each jwund of steam 
duced, that is, one pound of water evaporatt-d into steam, 
;074.2, or in even numbers say, 1 ,074 heat uruts lo be given up 
make each pound weight of steam with feed at 150° and into 
steani at 150 lbs. pressure per gauge. 

'P'en the dry steam possible to be produced per pound of cual 



1 



82 PUMPING ENGINES 

under the above mentioned conditions would be at 68% efficiency 
of boiler and furnace, 8.55 lbs. 

And this shows that 85.5% of the duty per 1,000 lbs. of steam 
would be realized as coal duty. Or, if the duty happened to be 
140,000,000 ft. lbs. per 1,000 lbs. of steam, used by the engine, 
then the actual coal duty of the plant would be 119,700,000 ft. 
lbs. per 100 lbs. of coal, which looks to be very much less than 
the steam duty, but which is an exact equivalent under the 
circumstances. 

Therefore it will be seen that every change in the number of 
heat units possible to derive from combustion of the dififerent 
values of coal, and every change in the practical efficiency of the 
boilers in e very-day operation, in the hands of the men who 
operate them, marks a difference in the observed coal duty of the 
plant; and although these differences could be tabulated so as 
to cover a considerable range of coal and boilers, it would be a 
very laborious task, and a great deal of valuable space would 
be filled. It is much more convenient to carry each case by 
itself from the factors actually obtained in work daily accom- 
plished; but to show how rapidly and completely the changes 
would take place in coal duty under various conditions of opera- 
tion, the accompanying table is given in which the steam pres- 
sure is taken at 150 lbs. per gauge, the temperature of feed is 
taken at three different points, the quality of coal as to heat 
units is taken at four points, and the efficiency of the boilers is 
taken at 16 different percentages. 

With the same duty per 1,000 lbs. of steam given by the engine, 
140,000,000 as above, there is a range in coal duty, or duty of 
the plant, from 105,000,000 to 152,600,000 per 100 lbs. of coal, 
which is the basis generally report^^d by the water works 
superintendent, and this basis seems to be the most rational 
one because it deals directly with the fuel which is bought and 
the water which is sold. Besides this the coal-weighing is a 
natural and convenient operation when the fuel is brought into 
the fire room for use at the boilers, giving a check against the 
weiglits l)illed by the dealer as time goes on; and the different 
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;auge8 and appliances which go with pumping engines afford an 
easy way of keeping account of the work done by the machinery. 

The following table shows some of the changes which take place 
in coal duty according to the fuel and boilers used: 

T&ble ahowimg what perceatagcs of tlie duty per i.ooo pounds of steam 

it u possible to obtain with di&ereat grades of coal, with diSereai temper- 

UTM of feed, and with different efficiencies of the furnaces and boilers. 
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■ This table is calculated by taking a range of boiler efficiencies 
Troni 65% to W^i , as these percentages cover ordinary, fair, good, 
and excellent boiler performance. There are percentages below 
65, but when there are, it indicates as a general thing that some- 
thing is seriousiy wrong with the boiler plant and needs looking 
after. Tliere are percentages above SO, but such a condition of 
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affmirs mfBriitrs dial an unasoallT higli pnofd boBer plant is in 
use. or anomallT hi^ priced fad i^ bdn^ bonHd: both of which 
ought lo be propeHv located and adapted, or tfaer will not pay 
to operate. 

These peirenta^:^ of < Scienrj. fomd in the first column at the 
left hand side oi ibc uUr. lepreamt the percental in different 
cases in pood pracuce of the total heat of cocnbustion possible to 
obtain from the coaL which t? leafiaed and used by the furnace 
and the boikr heating surfaces in pfoducing the steam. The 
temperature of the feed water going into the boOer. and the 
number of heat units, known as British thermal imits. contained 
in one pound wei^t of the water to produce the temperature 
given in the taMe. is the starting point at which the heat from 
the coal begins to operate. And the ninnber of hemt tmits 
necessary to produce one pound weight of steam at the pressure 
given at the top of the table. 150 Ih?. per gBU^. is the finkliiTig 
coint nacbcd by the heat iroQi the coal in producing the <tea::n 
which comes out of the bcder. 

The difference hi tween the number of heat imits in the :Vcd 
water going into the boiler, and the number of heat units con- 
tained in the stea:.. going out of the boiler. :ihows how c:.uch 
beat must he furnished by the burning coal to make the steam: 
and this is re iuced for convenience in niaking the table to a imit 
of one pound in wei^it. 

The temperature of the feed water given in the table at three 
different point.-, viz : lOCT. 150°. and 175'. are probably as good as 
^ill be generaUy found in practice, but the operatkxks which 
< stablish the table may be applied to any other temperatuiets 
<i ^irrd. It l< obvious that the higher the temperature oc the 
♦ 1. the less v^-ill be the nuniber of heat units required per pound 
«.:' .-team from the fuel : and the scale of operation of these three 
dLTf rent temperatures appears as follows; 
r^ne pound of the feed water — 

At 100^ temperature, contains 6S.0S heat tmits above 3?*. 

At 150° temperature, contains 11S.31 heat imits above 32°. 

At 175° temperattire; contains 143.50 heat tmits above 32°. 
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One pound weight of the eteani, gauge preBSure 150 lbs,, con- 
tains 1,193.4 heat iinit^ above 32°. 

Then the difference in heat unit« required to make one pound 
weight of steani from the feed water at the temperatures gpven 
in tlie table, into steam at 150 Ib-s. gauge pressure, would be, 

tWith feed at 100" — 1,125.32 heat unit.s per pound. 
With feed at 150" — 1,075.09 h<'at units per pound. 
With feed at 175* — 1,049.90 heat units per pound. 

Having det*muned how much heat will he neesssary to make 
one pound weight of steam at 150 lbs. gauge pressure, with 
different tcmperaturts of feed, the next step is to determine 
how much heat may be derived froin the combustion of tlie coal, 
.Vnd for convenience in making a practicable table, four heat 
values of coal are taken, although the operations forming the 
table can be applied to any heat value of coal. The heal values 
taken are at, 13,000 heat unit.f per pound of coal; at 13,500 heat 
units i>er pound; at 14,000 heat units per pound; at 14,500 heat 
uiuts per pound ; which is to say, that in the table, four grades of 
coal are considered which ui>on complete combu-ilion will develop 
the number of British thermal imils per pound set forth in the 
table in each case. It being understood, as already pointed out, 
that the detennined, or thtoretical power of the coal Is very 
much above the possible results to be found in actual o|Teration 
with furnacCR and boilers, on account of the various los.ses, such 
us imperfect combustion, more or less, of the gases given otT by 
the burning fuel ; the at^tual lo8.s of some of the coal by its being 
unburned and therefore remaining among the ashes and refuse 
from the furnaw ; there are also losses from imperfect transmia- 
fiion of heat through the material of the heating surfaces of the 
boiler to the contained water, even where llie combustion, and 
the production of heat, are nearly perfect. And it is the general 
result found in practice which marks the difference between the 
real amount of lieat of perfect combustion and the amount of 
heat actually present in the eteam produced, which go to make 
up the column of percentages at the left hand side of the table, 
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diowing the practical eScieney of the bmler and fumaoe as a 
steam-making apparatus, in proportion to the heat value of the 
coal burned upon the grates. Any boiler eflfeiency known or 
selected from the table in per cent in the left hand cdumn, will 
apfidy to any of the heat values of the coal given, or any other 
heat value will show how many heat units per pound of coal 
the boiler is ha\ing the use of in producing steam. Then this 
net number of heat units derived from a pound of coal by the 
boiler, di\'ided by the rangie of heat units between the feed and 
the steam pressure, will indicate the actual evaporation of pounds 
of water per pound of coal under the working conditions: and 
the decimal point in the rate of evaporation so found, if moved 
one place to the left ^ill express the percentage of the duty 
per 1,000 lbs. of steam which ^ill be obtained per 100 lbs. of 
coal. 

If the decimal point be placed between the two figures where 
there are two figures only, or at the left side of the right hand 
figure where there are three figures, found in this table expressing 
percentages of duty in the columns under temperatures of feed, 
the result ^-ill show the evaporation per pound of coal going on 
in the boiler, ^ith the heat value of the coal and the efficiencv 
of boiler given above, and opposite, the percentage of duty 
selected. 

WTiere the percentage of the duty per 1,000 lbs. of steam 
reaches in the table to 100 or above, and which it does in a num- 
ber of places, this indicates that the actual evaporation in the 
boiler, either from high efficiency of boiler or from high heat 
value of the coal, or both, is more than 10 to 1, the commonly 
accepted basis for making comparisons in duty tests of pumping 
engines. 

Aside from the heat value of the coal burned in a water works 
plant, there Ls also a money value. And the question is often 
brought up in considering the practical value of economic duty, 
esfx^cially where* it involves a comparatively high cost of ma- 
chinery, as to what price per ton as coal is commercially bought, 
it will pay to go in purchasing supplies. Of course the better 
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the quality ihe more it is worth, but there is a dividing lino, where 
the heat units possible to obtain from the combustion balances 
against the price in money which must be paid for any particular 
grade of fuel. And as heat units are eventually obtained for 
the money paid out, a comparison between these two items will 
be in order ; but the question is too complex to go into extensively 
within the limits of this book, although a meager outline wDl be 
given to indicate the direction possible to follow where the 
necessary information is available. 

BiTUMiNors Coal 

With a bituminous coal showing say 14,500 heat units per 
pound and costing say $3 per net ton of 2,000 pounds, tlie 
buyer will receive 96,666 heat units for a cent. And taking 
this as a basis of value for other coals, the following table of 
price or money value for different grades of coal in proportion 
to the ability to furnish heat appears: 



Hkat Units pkr 

Pound on Complete 

Combustion. 


Peicb per Net Ton 

OP 2,000 Pounds 

Delivekbd in the 

Boiler Room. 


14,500 
14,250 
14,000 
13,750 
13,500 
13,250 
13,000 
12,750 
12,500 
12.250 
12,000 


$3.00 
2.94 
2.89 
2.84 
2.79 
2.74 
2.68 
2.63 
2.58 
2 53 
2.48 



These results are obtained by multiplying the heat units from 
one pound of the coal at the price of $3 per ton, which Ls 14,500 
and is taken as a standard, by 2,000, the number of pounds in a 
net ton; and this result divided by 300 cents ($3) gives the num- 
ber of heat units for one cent based upon a fair market price for a 
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good quality of soft coal, and amounts to 96,666 heat units for 
a cent. Then the heat units for a cent, in this particular case 
93,666, divided into the heat units in one ton, which, 2,000, multi- 
plied by the number of heat units per poimd of the coal, will 
give the price value of the coal in cents, which pointed ofif in 
two places will give dollars and cents j)er ton, upon the basis 
of $3 for the higher quality. If the price of the higher quality 
varies in different markets or places then the comparative price 
for the other grades will also vary, but the proportion of price 
to heat units will hold good whatever the basic price or the loca- 
tion of the market where the coal is bought. 

The results would be modified to a slight extent by the 
difference in coal arising from other elements than the mere 
difference in total heat units; as, for example, fixed carbon in 
the coal, which is the most valuable portion of the fuel from a 
practical standpoint because it is the easiest to accommodate to 
the combustion within the furnace; whereas the gaseous portion 
of the coal although equally valuable under proper conditions 
is more difficult to manage economically. In soft coal the fixed 
carbon or solid portion of the fuel varies from 54% to 83% while 
the gaseous or volatile matter varies from 12% to 48%, and 
hence the same arrangement for furnace, air, and draught will 
not answer for all grades of coal. But with fixed carbon varjring 
from 68% to 78% and a low amount of sulphur, very good results 
will be found according to the table, and based upon the total 
amount of heat units per pound. It is not difficult to ascertain 
the difference in quality of coals, and it will no doubt pay to give 
some attention to the subject when making contracts for supplies 
of fuel for water works purposes. 

Anthracite Coal 

With an anthracite coal showing say 14,000 heat units per 
pomid on total combustion, and costing say $4.50 per net ton of 
2,000 pounds, the buyer will receive 62,222 heat units for a cent. 
And taking this as a basis of value for other grades, the following 
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table of price or money value for different grades of coal in ptt^ 
portJOQ to the ability to furnish heat ap[>ears: 



Hut Cirtn fkk 

POUMll OS CUMFLETE 


oSuVBrnXB IKTHB 


14.000 


$4,50 




4 42 


13.500 


4.36 




4-26 


13.000 


4 17 






12,500 


4.02 


12,250 


3 94 


12,000 


3 86 



Thia table is constructed by the same nietlux] as the bitumi- 
nous table immediately preceding, aiid subject to the same 
rr!<lrictions regarding elements in the coal, but the difference 
against the anthracite in price is not quite so great as apparent 
at lirst glance, for tlie reason that the fixed carbon is about 20% 
higher in anthracite than in bituminous on the average, so where 
fn ighl rales, losses from storage and from weather, and other 
factors play a part, soinetinus the higher priced anthracite ia 
the most economical in proi>OTtion to water punnx-d. As an 
example of this two records are given in actual practice based 
upon the generally accepted factor of coal consumed per indi- 
cated horse power per hour, anii which were as follows: 

In one ca«e there was consumed 1.02 pounds of coal jxt indi- 
cated horse power, and in the other case 1.98 pounds of coal 
ptr indicated horse jKjwer per hour. BotJi records were ob- 
tuned as nearly as could be under similar conditions in actual 
water works pumping. The fuel calling for 1.98 pounds waa 
anthracite »lack; and the fuel calling for 1.02 pounds was a good 
quality of anthracite coal. The slack was $1.50 per net ton, and 
the regular coal was $4.30 per net ton. The analysis of the 
fuels for heat units on complete combustion was as follows: 

Heat units for the slack, 11,000 i>er pound. 

Heat units for the coal, 14,000 per pound. 

(These an* closely approxin.ate round numbers.) 
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In the case of the slack the buyer obtained 146,000 heat units 
for a cent; and in the case of the coal the buyer obtained 62,000 
heat units for a cent. 

The plant using the slack consumed 363 heat units per horse 
power per minute on the coal duty basis, and ihe plant using the 
regular anthracite coal consumed 238 heat units per horse power 
per minute upon the coal duty basis. The efficiency of the 
boilers was 70% in the case of the slack, and 80% efficiency in 
the case of the coal. This gives 8,579,970 ft. lbs. of work for 
a cent with the slack, and 13,200,000 ft. lbs. of work for a cent 
with the regular coal. 

The horse power was about the same, and has been equalized 
in the calculation at 625 indicated horse power, which makes 
the slack cost 95 cents per hour for the power required, and the 
coal cost $1.63 per hour for the same power. But the slack is 
used practically at the point of production while the coal is 
freighted several hundred miles, and if the price of the slack 
should be raised $1.25 per ton, making it cost $2.75 per ton, 
then the cost of the power would be $1.70 per hour as against 
$1.63 per hour for the coal. 

Or to put it another way, it wDl require 27% more of the slack 
to obtain the same number of heat units that a pound of the 
coal is good for, and even at $1.50 per ton, the increase in the 
quantity would carry the price of the slack up to an equivalent 
of $1.90 per ton, and the increased quantity would allow a 
freight rate of only 65 cents per ton, to. keep the cost for the 
power per hour down to $1.70 or 7 cents above the cost of the 
coal upon the same basis. It is extremely doubtful if the slack 
can be freighted the distance required for 65 cents per ton, 
and aside from this there would be an increased quantity of 
ashes to be taken care of and to dispose of in the operation of 
the plant. 

It is sometimes convenient to know at a glance what the duty 
will be for any certain rate of actual evaporation in the boilers, 
imder every-day working conditions usually found in the boiler 
room of a pumping plant. In large engines and imder good 
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boiler conditions, yearly dutieti arc maintained as high as from ^^| 


120,000,000 to 135,000,000 ft, lbs. jxt 


100 lbs. of coal burned ; ^H 


and it must 


)e borne in 


mind that 


110 mattt^r how high a ^^M 


flteam duty a 


pumping engine may show, the results at the ^^H 


boilers in producing the steam have a strong controlling influence ^^M 


upon the ypaily reports of economical operation. To illustrate ^^H 


the difference that can exist between eloain duty [xt 1,000 lbs. ^^| 


and coal duty per 100 lbs. 


based upon 


the actual weight of fuel ^^M 


required, the accompanying table la given. ^^H 


Duty on coal burned in the furnace* oi the boilers, (or difierent rales of ^^| 




eraporation, and for the following duties per 
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CHAPTER Vm 

ACTUAL CONDITIONS OF PXJMPING 

With a properly designed and well built machine, its actual 
steam economy should be maintained at very nearly the maxir 
mum, and no doubt it is in a great majority of cases; in fact, 
unless cutting or other damage to valves and pistons takes place, 
the initial efficiency cannot be lowered very much without 
gross inattention, or without a very serious departure from the 
steam and water pressings for which the engine was built. But 
where, as in the usual annual report of the water works superin- 
tendent, the statement of duty is in terms of coal, it will be seen 
at once that there are a good many chances for losses of various 
kinds. When operated imder good conditions there is not very 
much difference in boilers so far as efficiency is concerned, but 
when boilers are worked under bad conditions there is a differeiit 
story to tell. There are three prominent items affecting the 
actual coal duty of a pumping plant f)ertaining to the boilers. 
They are, overworked boilers; imderworked boilers; and vari- 
ous kinds of coal. And for any shortcomings in any of these 
or other directions belonging to the boilers, the engine is not 
responsible. 

Another reason why pumping engines sometimes fall short 
in duty in regular service is that they are not always properly 
proportioned to the work to be done. This cannot be helped 
sometimes. The future must sometimes be reckoned for, and 
when an engine is put in, it must sometimes be larger than 
present needs demand. But the contractor is entitled to test 
his engine under the best conditions for which it is built, and 
therefore when the experts get away and the machine is put 
into the regular service the ideal conditions are destroyed and 

02 
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unfavorable conditions aubstituted. Chicago, for example, 
had such an experience some years ago. The engines adver- 
tised for were proportioned, according to the specifications, to 
puinp against a head 50% greater than really developed in 
rrgiilar service, with the result that triple expansion engines 
were placed under conditions where compound engines with 
smaller stiani ends would have undoubtedly done much 
bftler tconomic work. What happened, apparently, was that 
the high and intermediate pressure cylinders did so much of 
the work that there was only a low temperature fog left for tlie 
low pressure cylinder to handle, and the third pliuiger was 
largely operated through the medium of the crank and connect- 
ing rod, dragging the low pressure piston along incidentally. No 
lommentd are offered upon the fact-s; tlie reference is only used 
I an illustration of how disappointment may be met with, 
though a high type of machine is secured. It further 
istratej! Iiow a duty test run by experts under proper condi- 
i may Iw greatly discounted in every-day operation, and 
ftere "soniebofly blundered," but where the engines and the 

)ert8 were not to blainc for the shortcomings. 
I Reference has just been made to overworked and underworked 
aitent: and tlil'; suggestii an appropriate illustration upon thia 
oint as to how much the reijuired amount of heating surface 
I boilers will vary to suit different rates of economy in tJie 
am consumption of the pumping machinery, covering the 
different types and classes of pumping engines as follows: 



Compound non-condensing, direct acting. 
Compound condensing, direct acting. 
Low duty triple expansion, direct acting. 
High duty compound condensing, direct acting. 
High duty triple expansion condensing, direct acUng, 
Oross-conipound condensing, trank and fly wheel. 
Double compound condenwng. crank and fly wheel. 
Triple expansion condensing, crank and fly wheel. 
Quwlruplc expansion condensing, crank and fly wheel. 
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The relation between the difference in economical duty of 
the various types and classes of pumping engines, and the 
amount of boiler required, may be conveniently shown by the 
accompanying table; the measurable amount of boiler needed 
being positively indicated by taking 10 square feet of heating 
surface as ordinarily measiu^d for each boiler horse power. 
The table is based upon the fact repeatedly demonstrated by 
easily evaporating a little over 10,500 lbs. of water per horn- 
in a pair of water tube boilers having 3,500 square feet of heat- 
ing surface, that in good ordinary practice, one square foot 
of heating surface will evaporate 3 lbs. of water per hour, 
from 150° temperature of feed into steam at 150 lbs. gauge 
pressure. And therefore 10 square feet will evaporate 30 lbs. 
of water per hour as above, and this amount of evaporation 
is taken as one boiler horse power. This at least is a good 
basis, safe in most cases; but if at any time caution, or any 
special reasons, should suggest an increase in heating surface, 
any certain desired percentage increase can be readily added 
without disturbing the relations of the different rates of economy; 
as, for example, if it should be decided that 2^ lbs. of water per 
square foot of heating surface per hour is all that it would be 
safe to reckon upon, then 20% added to the boiler horse power 
of the table would provide for such a case. Or, if, to go to 
extremes somewhat, it was thought that 2 lbs. of water per 
hour per square foot of heating surface was the limit, then 50% 
added to the table would meet the demands for boiler capa- 
city. But the writer believes that with properly constructed 
and arranged boilers, the table will answer all reasonable 
purposes. 

The economy of the pumping engines, which is entirely inde- 
pendent of the working of the boilers, is expressed in foot 
pounds duty per 1,000 lbs. of steam, in the left hand column of 
th(^ table. 

The second column of the table is calculated by ascertaining 
the steam per pump horse power per hour by dividing the duty 
given in the table by 1.000, which gives the duty per pound of 
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steam consumed; and then dividing the foot pounds of work 
of one horse power per hour, equal to 60 times 33,000 or 1,980,000 
foot pounds, by the duty per pound of steam consumed already 
ascertained. The result will be the steam per pump horse 
power per hour at the rate of duty selected from the table, or 
any other duty may be treated in the same manner. 

Then the steam per pump horse power per hour divided by 
30, which iz the steam per boiler horse power per hour, will give 
the required boiler horse power, per pump horse power of the 
pumping engine. . 



Boiler Horse Power required for each Pump Horse Power; counting 
xo square feet of Heating Surface for each Boiler Horse Power, 

for the following Duties of Engines. 



Ditty ns Foot Poukdh per 

1,000 FOUXDM OF STKAM. 


Poi^xDR OF Steam 
PEU Houu PEK Pimp 

HOR8E POWEK. 


BoiLEB H0R8B Power 

PER Pump Horse 

Power. 


40,000,000 


49.50 


1.63 


50,000,000 


39.60 


1.32 


60,000,000 


33.00 


1.10 


70,000,000 


28.38 


0.94 


80,000,000 


24.75 


0.83 


90,000,000 


22.00 


0.74 


100,000,000 


19.80 


0.66 


110,000,000 


18.00 


0.60 


115,000,000 


17.21 


0.57 


120,000,000 


16.50 


0.55 


125,000,000 


15.80 


0.52 


130.000,000 


15.20 


0.51 


135,000,000 


14.66 


0.49 


140,000,000 


14.14 


0.47 


145,000,000 


13.65 


0.46 


150,000,000 


13.20 


0.44 


155,000,000 


12.77 


0.43 


160,000,000 


12 37 


0.41 


165,000,000 


12.00 


0.40 


170,000,000 


11 65 


0.39 


175,000,000 


11.31 


0.38 


180,000,000 


11.00 


0.37 


185,000,000 


10.70 


0.36 


190,000,000 


10.42 


0.35 


195,000,000 


10.01 


0.34 


200,000,000 


9.90 


0.33 



There are two phases of the question of the power required 
for pumping water which are closely relative to the foregoing 
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table, and these are, the pump horse power for various quan- 
tities of water puniped against different pressures, and the 
indicated steam power de^Tloped in the steam cylinders cor- 
responding to the quantities and pressures given for the pump 
end of the machine: and at different mechanical efficiencies of 
the engine as a whole. The powers given for the water ends 
of the engines are the net powers represented by the wei^t 
of the quantity of water per minute, multiplied by the total 
head in feet including suction and friction in the water, as 
shown by the pressure gauge, or. in other words, the actual 
power developc'd by the water end of the working engine, and 
exclusive of the friction of the machine. 

The table herewith, of water end or pump hcHse power, is 
based upon an easily remenibered rule which may be quite 
readily committed to memory', and is based upon the fact 
that with 2.300.000 gallons of water per 24 hours the actual 
horse power of the water colunm is one horse power for each 
pound of water pressun*, reckoning the total load and including 
the suction lift. TliL< total load Is made up by accurately nad- 
hig the water pn*ssure gauge, and then adding to the reading 
in pounds, the distance from the center of this gauge down 
to the level of the water in the pump well, this latter distance 
converted into llxs. pn'ssure by di\nding the ^Trtical distance 
in feet by 2.31 f<*i*t {xt ix)und pressure. This wiU give a nsult 
within OIK* per cent of what an accurate calculation made in 
the usual way will i)ro<luc<'; and when it is considered how 
extn^niely difficult it is to tstahlLJi al)solutely accurate .pres- 
sures from rea<ling gaup's or observing mercury colunms, with 
all the necc^ssary cornclions for niercur}' at different tempera- 
tures, the eccentricities of liourdon gauge springs, and other 
chances for error so well known to the expert (the more ex- 
fXTt he is, the nion* errors he knows about), a margin of one 
per cent, and that against the machine, may be considered 
I)retty close. Tlien whatever multiple the quantity of water 
to Ix* considered, Is of 2,500,000, so will the horse power figurec 
Ix* determined. 
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20 


24 


28 
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36 


40 


44 


48 


62 


66 


60 




1,600.000 


24 




36 


42 


48 


54 


60 


66 


72 


78 


84 


90 




2.000,000 


32 




48 


66 


64 


72 


80 


88 


96 


104 


112 


120 




2,500,000 


40 




60 


70 


80 


m 


lOO 


110 


120 


130 


140 


150 




3,000.000 


48 




72 


84 


9e 


108 


120 


132 


144 


156 


168 


ISO 




4.000,000 


64 


80 


96 


112 


12* 


144 


160 


176 


192 


208 


224 


240 




S.OO0.0OC 


SO 


too 


120 


140 


160 


180 


200 


220 


240 


260 


280 


300 




6.000,000 


96 


120 


144 




192 


216 


240 


264 


288 


312 


336 


360 




7.000.000 


112 


140 


168 


196 


224 


252 


280 


308 


336 


364 


392 


420 




8.000,000 


128 


160 


11)2 


224 


26C 


2S8 


320 


352 


384 


416 


448 


480 




9.OO0.00( 


144 


180 


216 


252 


28^ 


324 


360 


396 


432 


468 


504 


540 




I0.000,00< 


100 


200 


24( 


2H( 


320 


360 


400 


440 


480 


520 


560 


600 




1 1 .000,00( 


170 


220 


264 


308 


352 


3&6 


440 


484 


528 


572 


616 


660 




IJ.0OO,OO< 


192 


240 


288 


336 


384 


432 


480 


528 


576 


624 


672 


720 




I3.000,00( 


208 


260 


312 


364 


416 


408 


520 


572 


624 


670 


728 


780 




I4.000,00< 


224 


280 


336 


392 


448 


5(M 


560 


616 


672 


728 


784 


840 




15,000.00(. 


240 


300 


360 


420 


480 


640 


600 


660 


720 


780 


840 


too 




la.ooo.ooc 


2.K 


320 


384 


448 


512 


576 


640 


704 


768 


832 


896 


960 




I7.000.00f 


272 


340 


40S 


476 


544 


612 


680 


748 


816 


884 


962 


1020 




1«,000,000 


2S8 


360 


432 


504 


576 


648 


720 


792 


864 


936 


1008 


1080 




20.000.000 


320 


400 


480 


560 


640 


720 


800 


880 


960 


1040 


1120 


1200 




22.000,000 


352 


440 


628 


616 


704 


7&2 


880 


968 


1056 


1144 


1232 


1320 




25,000,000 


400 


500 


flOO 


700 


80( 


900 


1000 


1100 


1200 


1300 


1400 


1600 




30.000,000 


480 


600 


720 


840 


960 


1080 


1200 


1320 


1440 


1560 


1680 


1800 




35,000,000 


5B0 


700 


840 


980 


1120 


1260 


1400 


1540 


1680 


1820 


1960 


2100 




40.000.000 


640 


800 


9«0 


1120 


1280 


1440 


1600 


1760 


1S20 


2080 


2240 


2400 



I Cie w 



an example from the foregoing table, 5,000,000 is twice 
,000, and so the horse power for the 5,000,000 will be double 
ie water load in pouods; and for 10.000,000 galloii-s will be 4 
times the water load in pounds. This means that the quantity 
of wat^r in I'. S, gallons per 24 hom-s for which the horse 
power is wanted, is to be divided by 2.500,000 and the result 
multiplied by the water load in pounds pressure, the product 
giving the horse power of the water column, .Aiter a little 
practice this rule may be readily used mentally, and the power 
determined with great quickness and accuracy. 
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If it is desired in using this table, to ascertain the horse power 
for any quantity of water ^ven in the left hand column of 
the table but for a water pressure load not given in the table, 
then find the horse power opposite the quantity of water con- 
sidered, and under 100 lbs. pressure; point off two places of 
decimals from the ri^t and multiply by the pressure given 
or desired; the result will be the horse power. 

The power of the steam end of the pumping engine, called 
the Indicated Horse Power, is one of the important guides in 
considering the economical efficiency of the machine; and the 
pounds of steam per indicated horse power per hour as showing 
the power produced in proportion to the steam suppUed to 
the engine is closely obser\'ed. The relation between the 
indicated horse power and the pump or water end horse 
power, discloses the mechanical efficiency of the machine, or, 
in other words, shows how much of the power produced in the 
engine by the heat energj' is utilized as useful work. This 
difference between what is shown to exist as power in the 
steam cylinders, and what is shown to exist as useful work 
in the pump cylinders, is lost in friction either of the working 
parts of the machine itself, or of the water passing throu^ 
the pumps, or both. .\nd many disappointments have been 
met with after developing a very nearly perfect steam per- 
formance, by seeing the heat efficiency of the steam engine 
so dearly bouglit, disappear in the doing of useless work within 
the machine itself. This mechanical efficiency of pumping 
engines, of capacities ranging from 6,000,000 U. S. gallons to 
35,000,000 U. S. gallons per 24 hours, varies all the way from 
88.6% to 96.8% in machinery designed and built by the best 
and leading engineers and establishments in this country. 

The records plainly show the close relation between the 
mechanical and steam efficiencies, for with the best and the 
largest engines, the low mechanical efficiency and the lower 
ranges of duty go hand in hand; when the former is in the 
neighborhood of 88% the latter is around 157,000,000 ft. lbs., 
and the high duty rc^cord up to April, 1906, was held slightly 
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love 179.000,000 ft. lbs. n-ilh a mechanical efficiency ot 96.8% 
in tlie machine. The size of llie niactiine does not always 
_control, b«'caiiw' Uie record show? a (i.000,000 gallon engine 
a mechanical efficiency of 93*^ and a 35,000,000 gallon 
• with Sf<% as its efficiency record. Nor does the water 
1 or pressure altogetlier govern in the matter, for the record 

tows 252 lbs. wat<?r load with 93% and 54 lbs. pressure with 

Bl5% mechanical efficiency. The probabilities are that tlie 

»pr machine under the same working loatl will show the 

gnmter efficiency, and the smaller machine under any load, 

other things being equal, will show the lesser efficiency. 

TTie mechanical efficiency of pumping engines, or their net 
effectivenesa for doing useful work, showii in the extreme right 
hand column of the accompanying table of indicated horsi? 
power, is the percentage which tlw water end liorse power is 
of thp steam end horse power; and may alio be expressed by 
an ordinary fraction in which the water end horse power is the 
upper term and the steam end horse power is tlie lower term, 
or, the numerator and the denominator; as, for example, with 
a 10,000,t)00 gallon engine working against 100 lbs. pressure, 
the water end horse power is 400 and the steam end horse power 
is 460 at S9 per cent mechanical cfRciency. Then the ordinary 
fraction would Ix- J gji or by placiug a decimal point after the 400 
and annexing ciphers to the numerator, di\-idc by the denomi- 
nator in the usual way for tran.sposing the ordinary fractions 
into decimal fractions, and die mechanical efficiency is expressed 
in per cent, in this case resulting in 89 per cent. 

Tlie table sliowing niochanical efficiency, indicated horse 
power, water load against the plungers, and daily capacity 
follows: 
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Tliis taMc y made up by taking the column of efiicienciea 
from rcftjnl ami rx[XTii-n(v, ami a.-= tlip water end liorse power is 
a p(»-^itiv(- nialt'T governed hy the water pressure and the quan- 
tity of wfiter, the iiidirated steam power to meet the efficiency 
stated, is found by dividing tlie wat<'r end horse power by the 
Riven [n-reentage in tiie table; as, for example, if the water end 
hoi-^'- iMiwer is 4(XJ and the efhciency 8!) per cent the indicated 
jM>wfT will l>f KK) divided by .80, and the result is 450 in round 
nuriilKTs as the st<'am indicated horse ix)wer of the pumping 
engine. Tin; seale of per cent efficiencies in this table will no 
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doubt be considered low by some, but it Is safe and constirva- 
tive and provides against a lack of steani power in the machine, 
which is an cm-niy to good I'cononiy. If any builder of pump- 
ing engines can produce machinery with a higher mechanical 
efficiency than that shown in the table, and some midoubtedly 
can, in tlie lower ranges given, then so much the bt^ttor and 
safer for long continued results. 

Ka this chapter deals npce*iarily to a considerable extent 
with the boiler question, it will not be out of place perhaps 
to refer somewhat more concisely to that portion of a pumping 
plant. The higher and higher steam pressures which have gone 
hand ui hand with the greater and greater st^arii economy of 
the Ia.-it ten years or so have changed ideas on boilers, brought 
great^T horse power per boiler by enlarging the pumping miit 
and gross demand, and has lead to restricting the dimensions 
of the boiler plant so far as practicable in proportion to the 
power developed. Probably for regular good every-day effi- 
ciency, the horizontal return tubular is as good a-s any, and 
better than mo.st; but, where large powers are involved, high 
steam pressures used, the room required considered, and in- 
cluding the size of the necessary buildiugH, a limit ia placed 
upon the consistent size of the boii<*r8 and units of this type 
of steam generator. The writer does not look with favor upon 
imderfired boilers with shells of large diameter; and, although 
special and comparatively expensive plants, the designing of 
which has been in the hands of thoughtful and dexterous engi- 
m*rs, seem to demonstrate the feasibility of ui^ing such boilers 
oecdsionally, still in the long run and among the many plants 
built, the boiler for high pressure, made up of parts of campara- 
tiwly small diameters upon the sectional or unit principle, 
seems to economize space, buildings, first cost of the completed 
plant, and other important particulars in that line, to a 
very satisfactory degree. And therefore the writ<r takes the 
ground that under present circum.'^tanccs at lea-^t, considering 
unit capacity, gro&s demands, economy of construction, con- 
, and economy of operation, together with conaidcra- 
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tions as to buildings and space required, the water tube boiler 
fitted with automatic stokers, takes the lead as a steam maker 
for water works pumping plants. 

^\^lateve^ there is in economy from utilizing waste heat in 
the back flue of the boilers is a credit to the boilers and not 
to the engine, and of course reheaters for the receiver steam 
can be provided and this steam made a vehicle for the trans- 
portation of the heat getting away up the chimney, if such 
be the case, back to the engine, and made to do useful work 
there. This is no special credit to any particular type of en- 
gine beyond presenting facilities for the use of heat which 
the boilers are allowing to escape. But it will reduce the coal 
bills by turning into useful work some of the heat of combus- 
tion unabsorlx^d by the boiler heating surface. 

It is not entirely clear why more of this practice of flue re- 
heating has not been done. It certainly has been known long 
enough. The writer has now before him a supplement of the 
American Machinist of October, 1878, illustrating the Paw- 
tucket i)umping engine designed and built by Geo. H. Corliss, 
in connection with which flue reheating was very successfully 
used to the surprise and confusion of the experts, who found 
from indicator cards that more steam apparently cam? out 
of the low pressure cylinder than there was to go into it, before 
it was discovered that some steam was added to the high pres- 
sure exliaust by the boiler flue turning the condensation into 
live steam. In this case, the duty given by a small cross 
compound engine n^ached the very satisfactory flgures of a 
little over 133,(X)0,()00 ft. lbs. with 100 lbs. of coal. Within 
the past five years the Harr Pumping Engine Ck)mpany used 
this device at Haverhill, Mass., also in connection with a 
moderate sizc^d cross compound pumping engine, and the very 
best of authority rc^ports over 150,000,000 ft. lbs. duty per 
1,000 lbs. of steam, which at 9 lbs. evaporation, a fairly 
gool figure for high pressure boiler work, would amount to 
135,000,000 ft. lbs. p(»r 1(X) lbs. of coal. 

Superheated steam and gtmerally higher steam pressure up 
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to about 175 gauge pressure will take place gradually, and Uiat _ 
will likely mark the desirable and practicable limits ot the 
present record-making plant, with the vertical reciprocating 
steam pumping engine. The present tyj* will hold this line 
of advance stubbornly, and it will require a great deal nioro 
progress than is evident in any direction at the pn'st^nt time, 
1907, to dislodge or even shake it materially. Its capital and 
fuel accounts even with coal at a moderate price make a very 
satisfactory showing just now, and the yearly maintenance 
account in the presence of good design and construction will 
not exceed 5% for boilers and 2% for machinery, in nioderat*', 
and good sized plants where it is reasonably well cared for. So 
far as fuel economy alone is concerned, the present day gas 
engine is rapidly coming to the front, but there are several 
mechanical details to be carefully and successfully tliought. 
out. before gas will be used for pumping water to any great 
extent, 

Therefore it looks (o be fairly safe to plan away for another 
decade at least, perhaps nmch longer, and keep an eye upon 
tlie gradually increa^^ing size of the pumping units during the 
remodeling of old plants and the construction of new plants. 
Tlie perfect plant for water works pumping so far as present 
lence goes, will apparently involve the following items; 

Water IuIk? boilers. 

Mechanical stokers. 

Natural draught, at least 0.8 of an inch of water. 

Feed water economizer heaters. 

Automatic damper regulators. 

Coal bouglit upon the basis of heat unita and quality. 

One hundred and seventy-five lbs. steam pressure jjer 
gauge. 

Moderately superheated steam by independent apparatus. 

Modified steam jacketing and reheating. 

Smoke flue reheating. 

Vertical trijile expansion pumping engines of long stroke. 
I Maximum piston travel, 200 ft. jier minute. 
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Maximum rotative speed, 20 pevolutions per minute or 
equivalent cycle. ' 

Coal per indicated horse power per hour, 1 lb. for large 
plants. 

Coal per indicated horse power per hour, 1.76 lbs. 

for small plants. 
Maintenance of en^nes, 1.5% for large plants. 
Maintenance of engines, 3% for small plants. 
Maintenance of boilers, 5% for all sizes. 

These and some other items of a similar nature are aboat 
what a look ahead discovers as the coming events in the plan- 
ning, construction, and operation of pumping plants for muni- 
cipal water works. 



CHAPTER rX 



\ THE WORTHINGTON DUPLEX PUMPING ENGINE 



FAa regulai' standard pumping engines, each kind repeatedly 
produced practically alike, and installed in regular wat^r-works 
puniping stations, tliore have been only four which have been 
built to an extent and in sufficient numbers to fairly entitle 
them to the dlBtinctioii of being called types. These are as 
follows: 

I The Worthington compound condensing duplex pump- 
ing engine, 1S63. 
The Holly quadruplex compound condensing pumping 
engine, 1872. 
The Gaskill compound condensing pumping engine, 1882. 
Tlie Reynolds triple-expansion condensing pumping en- 
^ne, 1886. 
The first of tlie pronounced types, the Worthington duplex, 
non-rotative water-works pmnping engine, began to appear 
in 1863, designed by Henry R. Worthington of New York, 
and has been looked upon by engineers of high .■standing as 
one of the remarkable inventions of the times. It was at first 
built exclusively as a horizontal engine, but to meet later and 
present day requirements and demands has also entered the 
field of vertical machinery. Within 10 years of its first appear- 
ance, say by 1873, it had been reduced practically to a repeated 
and standard type; and as a compound condensing, duplex, 
and so-called "low duty" engine, had been installed by 1880 
in about 90 pumping stations, with an aggregate capacity of 
over 400,000,000 U. S. gallons per day. (See Fig. 15.) 
.The machine consists of two complete pumping engines, 
mple or compound as the case might be, placed aide by side 
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wifh their ceater lines parallel with each other; each engine 
working the main steam valve of the other; these main valves 
being of the plain shdo variety and generally fitted with means 
for balancing tlie steam pressure; but when cut-off valves 
are used, each engine operates its own cut-off mechanism. The 
steam jacket, the condenser, the air pump, and other primary 
features introduced by Watt were freely employed in the de- 
sign of this engine. It is tlic simplest form of machinery with 
whicli water can be pumped on a seale corresponding to public 
water supply service, and has only tlie necessary sl'-ani pistons 
with which to utilize the heat energy of the steam, and the 
necessary water plungers with which to force the water against 
the pressure of the hydraulic loacl, together with light and 
simple connecting bars for keeping the proper relations between 
the steam and water ends of the machine. It has no massive 
framing, no heavy shafts and fly-wheels; only some insig- 
nificant looking coiuiections for operating the steam valves 
which distributed the steam to and from the places where it 
did its work. It was handicapiKnl in its low duly form for 
^^^8 day and age by the fact that it could not expand steam 
^^Kfiond certain limited ratios, and if it could have ret^ned its 
^^^Bplicity of a cjuarter of a century ago, and at the same time 
^^^ratly increast?d Its steam economy, there would have been 
to-day but a limited place for the crank and fly-wheel type ot 
pumping engine. 

ilach pair of pistons, one high pressure and one low pressure 

1 of the tandem coni|wund st^ani ends, is coupled to a 

ible acting water plunger by an extension of the high pres- 

B piston rorl to a cross head, into which is keyed the plunger 

\ leading into the wat^r cylinder and so driving the plunger 

jctly from the steam pistons without the intervention of 

t of mechanism or machinery: hence the name "direct 

5" which was first., and is yet, often applied to tliis type of 

machinery. The front head of the low jiressure 

Older and the back head of the high pressure cylinder, are 

Dicd practically in one piece, tJie high pressure being in front 
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of th ■ low and clofle to the latter: wfakfa is to say that the hi^ 
prf-srun? cylinder i« situated betwieen the low presrare cylinder 
and thf* water end. the low pressure cylizider and the water 
efi'l renting directly upon the foundations, and the high pres- 
sure cylinder partially supported by an iron c<riuinn and partiaDy 
from the low pre*s^ure cylinder head. The low presure pistcm 
has two rods, which pa?^ throu^ long sleeves or really ex- 
tea^iort^ of the low pressure stuffing boxes, outside of the hig^ 
pressure cylinder barrel. The low prea?ure piston rods extend 
and are keyeii to the sanie cross head which receives the hi^ 
pH'ssun.' piston roi. tha< making an arrangement of three 
.stearn pb^ton rods at one side of the cro^ head, and a sin^ 
plungfT ro'J at the other side: a \-ery compact, strong, and 
satbifactory fomi of construction. In the very early and quite 
large engines, the high pressure and the low pressure rods were 
coincident with each other, forming a sin^ steam rod passing 
from the low pressuit* throujsii a closely fitting sleeve in the 
front head of the low pressure cylinder and so into the hi^ 
pit*ssun*, then out of the front head of the hi^ pressure, and so 
on to the main cross head, to which, at the other side, the 
plungfT ro<i wa< securt*d. 

Tlie steam and water ends of the engine are connected by 
very simple framing or cra<ile bars, afi there are no pillow blocks 
or (Tank shafts to pro\'ide for. In the early engines these 
frame or cradle bars were simply four hea>'y turned and pol- 
islH'd, wroiiglit-iron ro<ls, extending from the hi^ pressiire 
cylinder hea<Ls to the water ends or cylinders, and upon the 
upiKT y)air of bars there attached the bearings for the valve 
gear. In later engines the framing is composed of heavy cast- 
iron cra^iles to which are attached the steam valve mechan- 
ism and other necessary details. The finished wrought iron 
cradle bars eormecting the steam and water ends, the steam 
cylindfTS handsomely lagged wth dark-colored wood, and 
th(* clean cut, well-<lesigned water cylinders, formed a sub- 
stijitial, neat, and altogether handsome and attractive piece 
of machinery. No doubt the early Worthington pimiping 
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I of goodly size, constructed as above, formed a type 
of machinery, which for grace and appropriateness, has never 
been surpafwed in the line of water-works pumping machinery. 
Tile writer was at ttie Newton, Mass., pumping station in July 
of 1905, where one of the old time Wortlungton pumping engines 
•of 7,000,000 U. S. gallons capacity was at work, and has been 
at work over 27 years pumping watiT for public supply, and 
was at the time of this visit working against a water load of 
about 100 lbs. pressure. No quieter, sniootlier running, or 
more satisfactory machinery could possibly be found for the 
purpose of pumping water, and it is now only outdated on 
account of the fuel burned for regular work, but b held in re- 
serve when other machinery requires attention. This early 
type of pumping engine has always been noted for its sinoolh- 
ness of action in the work of pumping against a heavy head 
Jind under high pressure loads, and seems to work as perfectly 
and with as little noise as under lighter heads; this no doubt 
being largely due to the faet that the engine b at all times 
almost completely under the control of the water colunm, the 
engine seeimngly doing nothing further than to furnish the 
power necessary to overcome the water pressure, while so far 
as the flow of the water is concerned, and the actual timing of 

^^^ movements of the plungers and pistons, the hydraulic 

^^Bon ia in control of tlie main pumps. 

^^Rhe main pumi>3 are of the inside ring type, secured directly 
m Ene with the steam cylinders, so that the force and resistance 
of the pumping is in the same center line, making the engine 
self-contained so far as concerns the work to be done and the 
material used in construction. The outlet from the force 
chambers are 90* bends turned towards each other and are 
joined by a three-way ca.sting upon which is mounted the air 
chamber, only one air chamber being used, but it is situated 
at a very advantageous [xjint with reference to the delivery 
of the water alternately from the two water cyhnders. From 
the outer opening of this three-way ca.sting, the force main 
be^ns, and is lead down tlirough the Soor and so out of the 
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building. The pump chamber, or water cylinder proper, has 
at the middle of its length an inside flange to which is bolted 
the ring or sleeve through which the plunger works, and so does 
the pumping. The valve decks or flat surfaces, properly ribbed 

for strength, are situated 
in horizontal planes directly 
above and below the water 
plunger, and the brass valve 
seats are either screwed into, 
or are bolted onto the valve 
decks ; the valves, see Fig. 16, 
are rubber discs of moderate 
or small size, moving verti- 
cally upon brass stems and are 
controlled either by weights, 
as in the early practice, or by 
springs as in the later work. 
Immediately below and above 
the water cylinder are situ- 
ated the suction and force 
chambers, respectively; the 
former joined by a cross suc- 
tion with easy bends for the 
flow of the incoming water, 
and at the outer extremity 
of the cross pipe is located 
the main suction pipe which 
usually drops vertically into 
the pump well from which 

Pig. le—BtandardEubber Valve and Beat, the engine draws its Supply. 

The suction pipe is some- 
times extended to the outside of the building, and the machine 
pumps from a well located at some convenient point near the 
walls, or not to exceed, say 30 feet preferably, although the 
writer has located and used pump wells 60 feet away from 
the building with satisfactory results, provided the size of the 
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suction pipe was large enough U) k«ep the friction of flow dow^l 

point amounting practically to nothing, or at Ii-ast an 

ptable mininiuni. 

The force chambers are bolted to the upper surface of the 

iter cylinders which form the discharge valve decks, and 

im the middle of the length of each force chamber the water 

is discharged through an appropriate opening formed into a 

I flange for the reception of the 90° Ix-nds already referred to. 
Ilie force chamber, the water cylinder, and the suction cham- 
nr are provided with handholes and manholes for inspecling 
pd giving proper attention to the interior of the pump when 
■easion requires, tliese holes being closed duiing operation 
Wf bolted [dates, the largest ones Ijeing provided with hinges 
E facilitate handling. The flow of the water into and through 
the suction chamber and valves, directly upward tlirough the 
discharge valves and force chamber, and so on into the force 

Iiin, with the liberal dimensions employed in this type of en- 
le even 40 years ago, leaves nothing to be desired in the way 
low rate of water friction and high percentage of hydraulic 
iciency. 
The tandem compound, steam end of the engine, is a regular 
aprocating steam engine, with steam jacketed cylinders, 
with pistons working in couples, one higb and one low pres- 
sure, and with plain balanced slide valves located at the top of 
the cylinder barrel. The pL«tons work in the same axial line 
and the valve scats are in tiie same plane, the higji pressure 
seat Ix-ing raised the difTcronce in the half diameter in the two 
cylinders, so as to use a practically continuous valve stem for 
both main valves; the balancing pi.ston and supporting column 
is directly over the steam chest; and the entire design has proved 
itflelf by years of usefulness to be of the very highest type 
of means to suit the enils sought. 

The air pumps, four in number generally, although some- 
times two are used, as. for example, in the Newton engine, 
are placed in a small pit fonned by the space between the water 
and steam ends of the machine, and are driven by a tri- 
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ingular bell-crank lever connected to the main cross head, and 
J shafts of the bell cranks are utilized for giving motion to 
? valve gear. The condenser is situated dirpctly beneath the 
liigh preasure cylinders and half way between the two. upon 
the lower portion of the foundation, making it possible to have 
I v'ery .short txliaust pi|)e from tiie low prpssur3 cylinder. 

! »t«&in pialons arc simple and of the well known cast- 
■on ring [>acking variety, with generous bearing surfaces, as 
1 deiTionstrat^'d by tlieir long life and usefulness in evcry-day 
operation. The water plungers are generally hollow and aim 
to be water-tight, so as to secure partial flotation, but it is 
doubtful if they remain empty any great length of time, and 
indeed it matters little whether they do or not, as the friction 
and wear could not Ix" a very material niatt<'r in any event. 
1 form of plunger will keep practically waler-tight through 
he sleev6 or ring, or a.s water-tight as most plungers in average 
blear water for long periods of time, as is evident from known 
suits. One case known to th« writer was at Toledo, Ohio, 
•rhere the engines had been on stand-pipe service for 12 years, 
which is really direct service m the sense that there w no storage, 
ind the machinery must run continuously; the water was not 
dear but contained a fine clay silt extremely difficult of sedi- 
ntation, and upon test the plungers leaked so little under 
I 11m, pressure with one pump head removed, that it was 
^difficult to make accurate measurements of the quantity. 

The original VVorthington pumping engine possessed the 

ftqualificatinns for the first duty of a pumping engine to " Pump 

RWaTER," and to do so continuously with the least practicable 

intemiption, to a degree which has never been equaled by 

Buy machine ever produced for the purpose; and not even by 

I improved or high duty engine of the same type. It holds 

J record for durability, But its steam economy was limited 

1 the poseibilities of expanding steam at full stroke through 

* two cylinders of different diameters alone, and without the high 

expansion ratios possible with the use of cut-off valves. It 

bad ^parently reached the economic limit with compound 
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cylinders alone without cut-off, and with the steam pressures 
usually employed. But, of course, the question arose nat- 
uraUy enough in time, can this machine, so satisfactory on the 




Tig. 19. — WoMUngton Oompeniktlsg CTUnder Diagram, 

main point, that of cert«nly pumping water, be improved in 
its economy of steam without giving up its best features of 
design? And this question has been answered by the introduc- 
tion of the high duty Worthington engine, in 1S86, as shown 
io Fig. 17 in perspective, and in section in Fig. IS, although 
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some of the simple effectiveness has been sacrificed, but not 
serioiiBly so. Ainl so it turns out that the argument of low 
first cost aud !ow duty, against the argument of higher first 
cost and higher duty, has been nullifie<l by simplifying and re- 
ducing the cost of the crank and fly-wheel pumping engine; 
and by complicating and increasing the cost of the non-rotative 
or direct-acting pumping engine; lx)th results being forced 
upon each type by the struggle with each other for conuiiercial 
supremacy, and the final result being tliat both ty])es now 
meet on common ground as to the commercial situation. 

In the newer Worthington engine the most prominent Tea- 
turcfi n-main the same as in the older engine, as to general 
arrangement of steam and water cylinders, but a device ha-* 
been atlded which is called the high duty attachment and 
consists of a pair of small, oscillating water cylinders attached 
to some place in the framing, sometimes beyon<l the outer 
emis of the main water cylimlers, and sometimefl between the 
steam and water ends of the engine. Connections are made 
through the tninions of theae oscillating cylinders with a hy- 
drauhe accumulator, which in tuni is connected with the water 
pressure in the force main, and by this means the pressure on 
the inner enils of the plungers in the oscillating cylinders is 
maintained in close relation with the jtressure in the fore 
main against which the engine is working. These plungers 
with their swinging motion, which constantly changes the 
angle with the center line of the engine, resist the advance of 
the steam pistons at the beginning of the stroke just when 
the initial Bt#am pressure is too much to drive the water plungers 
against the loa<l, and helps the steam pistons finish their stroke 
when the expansion ha* brought the steam pressure down lo a 
point which is too low to drive the water plungers without 
some kind of assistance, In short, the oscillating plungers 
change from resistance to assistance during each stroke of 
the engine to meet the varying pressure given out by highly 
expanding steam, and which the older engine did not have to> 
stniggle with. Fig. 19 shows a diagram which represents- 
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tiUfi action of the nsrillating or compensating plungers and 
cylinders. Low expansion, as in th« older engine, meant low 
duty, that is, in the neighborhood of 65,000,000 ft. lbs. per 
1,000 lbs, of steam; and high expansion, as in the newer engine, 
means high duty, that is, 100,000,000 ft. lbs, per 1,000 lbs. of 
steam, and upward. Tiie resistaneo and asHiHtance gi^'en out 
by tlK- compensating cylinders is just what the fly-wheel j^ves 
to Uie crank engine, only in one tj^^ie it is done with water 
pressure, while in the other type with the weight of cast iron. 
Each pair of oscillating or compensating cylinder.^ are directly 
opposite the engine center line ami therefore act in concert 
with each other, and relieve the cross head in which they work 
in sockets of any cross frictional resistance or unbalanced 
lateral strains. 

The alterations from the old to the new were cautiously made, 
and at first with as few changes as possible ; and even at that, 
unknown difficulties in construction were bound to be met in 
such an unexplored field. At first the plain slide valve on the 
stt-arn cylinders was retained, and cut-off valves added. Then 
the large slide valves were discontinued and what might be 
called the Corliss tj-pe substituted, the first important high duty 
engine being a 15,0(X),000 gallon machine for Chicago in IS89, 
with all of the valves placed at the top line of the horizontal 
cylinders, using four valves, but having two main valves for 
induction and exhaaat, and directly over these, two cut-off 
Valves, which cut off the steara after the main valves had ad- 
mitted it, and then drew back out of the way in time for the 
next admission by the main valve. The exhaust was accom- 
plished through a cavity in the under side of the main valve, 
the same practically as in a plain slide valve. 

This change in the steam valves immediately reduced the 
clearance or waste room, removed the necessity of having the 
valves in the same plane because ra<lius rods were submitted 
for ordinary valve stems as before, and improved the steam 
economy. Finally the four valves were placed at the four 
comers of tiie cylinder, as bi the drop cut-off arrangement, 
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and were worked by a sort of compound wrist plate for which 
a motion was obtained peculiar to the direct acting machine. 
The operation of these steam valves was obtained by positive 
motions, as it was clear that a releasing and drop cut-ofT would 
not be safe or regular on this type of engine. Any point of 
cut-off can be secured by changing the location of a sliding 
block; the operation is without noise, and the various levers, 
rods, and pins have easy work and consequently little wear. 

Fig. 20 shows a compound condensing, high duty, hori- 
zontal Worthington engine, \^ith attached air pumps and jet 
condenser, accunmlator, compensating cylinders, valve motion, 
reheaters, and other details. A horizontal triple expansion 
engine is shown in Fig. 21. 

A vertical triple expansion engine of 20,000,000 U. S. gallons 
daily capacity is shown in Fig. 23, and exemplifies the very 
great departure which time and the demands for larger units, 
high duty, and other considerations have brought about since 
the early engines of the low duty horizontal type were built and 
held the front of the stage for water-works pumping machinery. 

The Worthington water-works pumping engine has also 
appeared as a low duty triple expansion machine, which con- 
sisti^ of the original compound engine with an additional pair 
of steam cylinders attaciied, but without the compensating 
cylinders; the added cylinders being generally in front of the 
former high pressure cylinders, thus making the new ones the 
high pressure, the former high pressure into intermediate cylin- 
ders, and with the low jm^ssure cylinders remaining a«? formerly. 
This form hardly approaches the dignity of a distinct type but 
rather should be called a class, Ixrause it involves the principal 
features of the real tyix\ It is only applicable to moderate 
capacities, it generally paying Ix^ttcT to have a regular hi^ 
duty compound when the required capacity gets up to say 
5,000,000 gallons per day and over. A cut-ofT is usually ap- 
plied to the high pressun* cylinders and then a rather high 
rate of reciprocation employed so as to get the benefit of the 
momentum of the moving parts to finish the stroke, which of 
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course suggests that the direct acting engine depending purely 
upon the force of the steam is slightly invading the field of 
the crank and fly-wheel machine, and that perhaps a simple 
cross compound engine of the wheel type might be just as well 
for the work. This low duty triple expansion Worthington 
pun^ping engine is shown in Fig. 22, which indicates the general 
features and many of the details of this form of the well known 
direct acting machine. 

Up to 1886, when the introduction of the high duty engine 
had begun, the original Worthington type of water-works 
engines known as low duty engines, had reached 250 in number 
with an aggregate daily capacity of about 1,000,000,000 U. S. 
gallons per 24 hours, the engines varying in capacity from 
500,000 to 25,000,000 gallons per day with an average of 
4,000,000 gallons per 24 hours. 

From 1886 to 1906 there have been produced about 225 
pumping engines of the high duty class, with an aggregate 
capacity of 2,250,000,000 U. S. gallons per 24 hours; or about 
225 engines with an average daily capacity of 10,000,000 gallons, 
and varying from 3,000,000 to 40,000,000 gallons per 24 hours. 



CH.VPTER X 

THE HOLLY QUADRUPLEX PUMPING ENGINE 

The Holly quadniplex pumping engine was designed to 
meet an existing but a no\'el want at the time of its first con- 
struction. A direct system of water supply had been built 
and put into operation, in which water was distributed throu^ 
pipes laid in the streets for the purpose of protection against 
fires; and by a dircnrt system is meant a closed circuit of water 
pipes wherein the water pressure is raised and miuntaioed at any 
certain pressure, and where there is no storage of water beyond 
what is contained in the pump well and the supply flowing to 
such well. 

About 1866 the first of these direct 8>'stems was established 
at Lockport, X. Y., by Birdsill Holly, with a mile of cast-iron 
water pipes, and a rotarj' pump operated by a water-wheel, 
the plant designed for fire service only. Two jTars later a 
similar system wa< built at Auburn, X. Y., in which a domestic 
supply was conilnned i^ith the protection against fire; both 
those systems K^ing driven by means of water ix)\i"er. Of 
course the <*nlargement of such an important idea soon carried 
it lK»yond tlu* n»ach of a single means of appl}'ing power, and 
that means such a restricted one, so that before very long the 
(|uestir)ii of the application of steam power which could be 
IcK-atid almost anywhere, came naturally enough into the prop- 
osition. \\A steam having once entered the waiting door, the 
Hturly of fuel economy was of course inevitable. 

The first attempts at steam power for this kind of water 
works, sr)mr*where late in the sixties, wen* in the line of a steam 
engine, driving a shaft, and from which there were driven a 
seri<'s of gang punjps consisting of six single acting pumps 
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Mnuiged to operate in regular succession, the idea of unit-s or 
increments applied so thai the lack of uniform delivery per- 
fectly natural to the domestic supply could be practically met, 
seemingly an early detail of this system and properly so, as 
later exjierience fully denioostratcd. In conjunction with these 
gang pumps there was used a rotary pump known a* tlie 
lloliy Rotary Pmnping Engine and Fire Pump; this fire pump 
being used only as an auxiliary in case of fire beyond the capa- 
bilities of the regular gang jiumps. Over twenty water-works 
were fitted out with the gang and rotary pumping machinery, 
and at that early day in the development of public water-works 
no doubt provided good and ample service, considering all of 
the circumstances and the unknown road reaching out ahead 
of the investigator, inventor, and investor. The first duty of 
the pumping engine was to pump water, of course; for with 
plenty of water, danger could be avoided even though accom- 
panied with moderate inconveniences. But the engine had 
to do some other things which were not completely appreciated 
by competitors who looked at the single item of pumping. And 
so it. came about that economy of steam and fuel went hand in 
hard witJi acconmiodation to the conditions, and so unprove- 
ment after improvement was introduced, and the next step 
after the gang-rotary combinatton was the introduction of 
the Holly Quadruplex Pumping Engine for the closed system 
of water-works distribution, in 1871 and 1S72, which was es- 
pecially adapted to both domestic and fire service to a very 
remarkable degree, and superseded both the gang and rotary 
pumps. The first of this type was placed in the Dunkirk, N. Y., 
pumping station, and was designed as an engine with four 
straight condensing stj'am cylinders; but in 1S74 the machine 
had ,taken a step forward and appeared at Rochester, N. Y., as 
a re^lar compound condensing pumping engine of 2,000,(XX) 
gallons daily capacity. 

Tlie Holly quadruples pumping engine is a crank and fly- 
whwl engine, probably so named to indicate a machine a 
pmnt or two bctt4^-r than the duplex machine then in the market 
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at k-asl in tlie mind of its inventor; it is shown in perspec- 
tive ill Fig. 24, and in outline sectional elevation in Fig. 25. 
There are four sleani cylinders, the center lines through wliich 
an- at an angle of 45 degrees from tlie horizontal: and four 
piinipa, one of tin- pumps below and in line with each steain 
cylinder. Thct general or main framing is hea\'y and strong, 
and is fonned somewhat like a letter a, one frame at each side 
of tlie enpne. At the top or point of this A-frame is located 




Fig. 25. — R0U7 Qutdmplei Pumping Engint 

tlie rnnin pillow biwks or Ijearings for the crank shaft, and 
this shaft extends across the machine from one frame to the 
oilier, carrying at its mid-length the fly-wheel which hi made 
of moderate weight so an to respond quickly to demands for 
changes in tlie si)eed of the engine and the variations in the 
quantity of water to be pumped, as this type of pumping engine 
was especially designed for the "direct system," sometimes 
called tile "Holly system," wherein, as already pointed out, 
lliere exists no storage of water, t!je entire supply with all of 
its fluctuations being delivered into the distributing system 
according to the demands of the moment. 
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This engine was mostly used in the flat ix>rtions of the middle 
western states where no hills existed for storage and distribu- 
ting resen'oirs, or, where hills did exist, the cost of a reservoir 
was deemed out of the question, in the construction of new 
water-works at a time in the development of the country when 
such conveniences as water supplies were something com- 
paratively new. The folloi^ing description will give a genfiral 
idea of this machine: 

At each end of the main shaft there Is secured a disc crank, 
with one crank pin in each crank conmion to a pair of the cylin- 
ders and pumps, the crank pin for one of the pair of cylinders 
being located 135 degrees in advance of the crank pin for the 
opposite pair of cylinders, so that 8 impulses are obtained at> 
each revolution of the fly-wheel, thereby producing a very 
steady flow of water. This feature is especially desirable in^ 
a closed system of distribution piix*s, and at very slow speedr 
not only for the sake of uniform pressure, but also on account 
of a steady rate of revolution of the engine at whatever speed 
was necessary, which is conducive at slow and varying speeds 
to the best economical result*? under naturally bad steam con- 
ditions. This principle of «S impulses per revolution has been 
a^^ed later in large generating engines for electric railroad power, 
as, for example, in the jwwer station of the Manhattan Elevated 
Railway, and for the New York Subway power station, where 
engines of 7,5()0 nominal horsejx)wer have been installed; the 
results of the 90 degree angle of steam cylinders and the 135 
degree angle of crank pins, Ixung the reduction of the fly-wheel 
element, and an extremely uniform rate of revolution with very 
smooth-running c^ngines. This principle of engine construction 
is also followed in the engines of the steamboat "Priscilla*' of 
the Fall River Line, and th(» three-throw crank motion is 
found in the new Hudson River Day Line steamboat "Hendrick 
Hudson," in all of whicli cases steady and uniform revolutions 
at whatever speed the engine may l)e making, is desirable. 

The main pumps of the quadruplex engine are of the piston 
pattern, secured directly in line with the steam cylinders so 
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that the force and resistance of the pumping are in the same 
center lines, thus making the •pumping engine self-contained 
with reference to the work it has to do. Eseh pump has its 
own air chamber, situated at the highest point of the angle 
formed by the sloping position of the pump castings, and are 
most effective in their operation. The suction and force cham- 
bers are above and below the pump barrels, and the seats for 
the water valves are set at an angle of 45 degrees to the center 
line of the pump, so that when the pump Ls in position on the 
engine, the valve seats become horizontal. These water-valve 
seats are arrange in the deck form, one deck in each pump 
for suction valves, and one deck for discharge valves: the flow 
of the water being accomplished with very little deflection from 
the natural course from suction to discharge chambers. 

The pump barrel proper is an independent piece securely 
bolted to a rib which divides the pump chamber into two 
portions corresponding to the two ends of the double-acting 
pump. The pump barrels and pistons may be readil}' re- 
moved, repaired, or replaced, practically without throwing the 
engine out of service, and as there are four main pumps it will 
be seen that this machine is especially adapted to direct ser- 
vice, and where it is impossible to have reserve engines on 
account of cost; it being remembered that the Quadruplex was 
introduced in the early stages of water-works, and very often 
the total cost of the system had to be closc^ly reckoned, in order 
that any system could be had at all. It is pretty safe to say 
that no other pumping engine has been so carefully studied to 
adapt it to the necessities and wants of the water consumer, 
and to meet conditions as they actually existed in the direct 
service or closed system of pipes. The cross-connecting pipes 
for suction and for delivery were carefully arranged both as to 
position and necessary shut-off valves, so that any of the four 
main pumps could be taken out of the work or off of the engine 
with little or no interruption of the service. Therefore, it will 
be seen that the builders of the quadruplex pumping engine, 
instead of insisting what the users of water ought to do, or not 
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to, they recognized the helplessnesii of their pofiition. and made 
the eiiidne do what was neoessan' to practically meet, to a 
reaifonable extent, all and even- demand where pressure and 
quantity of water were involvc^i; and in this, as tune has paaaed, 
the cool and careful historian must say that they succeeded. 

The engine pnjper. or the steam-power end of the machine, is 
a regular n'ciprocating. crank and fly-steam engine, with guides 
and connecting rwls not unlike those of the locomoti\-e. An 
auxiliary connecting nxl attached to one of the crank pins 
ofx^rat^'S the air pump for the condensing apparatus; the air 
pump lieing driven l»y HieaiLS of a rocking beam and shaft, the 
Yn^am not only driving i\\v air pump but also two boiler feed 
pUTups. one of which lakes its water supply from the o>"erflow 
from the air pump, and the other taking the water of conden- 
^iation from the steam jackets, and sending it to the boilers. 

Th(» connections l)etwe(»n the steanTand water pistons are by 
means ni nxls and keys in the usual manner of securing such 
ro<ls. l)ut then' is an interme<liat4* coupling between the steam 
and water nxls for facilitating the taking off and putting on to 
the work, nion' ar less, of the puiiijis as the case might require. 
The steam piston hiis >|K'ei:il arrangements for sa\ing time in 
adjustment; tlie j)L^t<)ii packing l< usually of the regular cast- 
iron ring variety, set out by means of steel springs; and the set 
screws for a'ljusting these springs project beyond the face of 
the piston so tliiit tlie packing rings may be adjusted throu^ 
handholes in the lower cylin<ler head, by simply removing the 
bonnets. Tiiis is only one of the many de\'ices provided for 
easily, ])r()niptly, and <inickly meeting the inevitable manipu- 
lation necessary in all kin<ls of machinery, but which in the 
ease of a public water supj)ly must 1h^ done as nearly as possible 
without int4Truption. Xow cities and towns are older and 
mon* mature, and the water w-orks question is an old one and 
familiar to all, and in the natural growth, older engines form- 
ing reserves, tlu* necessities are removed wliich existed forty 
years ago, when only one engine could l)e afforded, and that, 
one w^as all and everything to the plant. 
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! arrangftupiit of the steam and exhaust pipes is such that 
the st^'aiii can he utilized in several ways. Steam directly 
from the boilers can be admitted to all of the cylinders, and 
cxhanst into the condenser; or, steam from tlie boilers can be 
admitted to only one cylinder, and thence exhaust into the 
other three, and then sent to the condenser. So that four 
straight condensing engines, a compound with one high pres- 
sure cylinder and three low pressure cylinders, a triple expan- 
sion, or a quadruple expanaoii engine, can be formed and 
operated at will. But on direct srTvice, the ultra-refinements 
possible to reservoir work where the engine can run at full 
speed or nearly 30, are not profitable, and cannot be utilized 
by taking advantage of the multiple ftatures possible in the 
quadruplex en^ne. The pumping and distribution of water 
takes first place in the direct system, and extreme steaiTi 
economy is secondary. Even to-day, on electric railway m.x- 
nce, the cross compound engine is not of so high economy as 
the triple machine, but it is better adapted to take care of the 
"peak" of the load, and the better of the two in all-round per- 
fonnance; it ia an unconscious reflection of the qualifications 
of the early Holly pumping engines to meet variable demands. 
In the quadruplex pumping engine the steam valve gear of 
each cylinder consists of one slide valve, which with its steam 
chest and valve stem also resembles the locomotive and the 
early steam engines before the advent of the automatic cut- 
off. A double (Kjppet valve in the steam chest is u.sed as a 
cut-ofT valve back of and above the main valve, and is operale d 
by means of a spiral cam, this cam being controlled in a motion 
lengthwise of its revolving shaft ?o as to vary the point of 
suppression of the steam entering the cylinder. The variation 
of admission and cut-off of the entering steam is from nothing 
to full stroke, and this full stroke range of cut-off m necessary to 
the proper regulation of such slow and variable moving pump- 
ing machinery working upon a closed circuit of pipes. The 
meaiis and method of adjusting the cam to the desired point 
corresponding to the work needed to be done by the engine, 
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an* \vr\' iniportant iValiuvs of the Holly pumping apparatus; 
and the auto:!iatic n^gulator pro\"iJed for the purpose, in fairly 
gooi.i hand.s. or in a^ good hands as ought to be found in a public 
pumping station. i^t-iiiS to be excellently adapted to the work. 
Tin* r\ailau>r i? oonnecit^ to the water main so that anv 
chan.i:*' in waiir pn"^<urv l< promptly met by a corresponding 
a«lju<t:!.rnt of tht- >tt'ani supply. n:*sulting in a practically uni- 
form wat^r pn s.'sure with a widtly varying supply. 

Tlu^ iiiattfT of ngiilating the sptrd of pumping en^es, the 
tjuantiiy of waii-r they pump, and the pressure in the force 
m:iin. luis U »'!i iiiuoh siudit'd from time to time by engineers and 
pu!:.pini: rngim' buiUKrs. Thr writer distinctly remembers 
thai a pN^i !:ia:;y y»ar< airo In* put in a lot of planning o>'er 
difiiTtMitial aii'I coii.j-nm.l Uwrs ai'tnig against a water plunger 
and loiitri'llt d I'v wriizlits. >«> as to produce the effect of a 
sprinc Init wi:!: lii. u^' t«f a \v»ight. and so produce a conti-ol- 
lablr I tTtii :is with a wi iiiht instead of an unknown increasing 
t'tYtt't as with lin' uiikiu'wn and unknowable characteristics of 
a sttil spriiii:. Hut i!u apparatus was completed and attached 
to x]w origiiial W aTv. j'\i::.pi:ii: tMigines put into the then new 
wat» r-works at T« rn- Ilautr. Ind. Just liow it worked in actual 
iHTvii-i' !;as pass» d fro::; iiuiiiory: and jvrhaps it bettor stay 
tlun-, wluri vi r it is. 

Tlir npilaiiiii: of a puTiipiiii; rngine at work has several 
ftatuns i[uiit' di-Ymnt from ihr ncuhition of steam engines 
gtMurally. vrrv ii.iuh lo ilu* surprise- of steam-engine builders 
whi> thoui:!it that ih« *■:.!>' way to :::akt* a pumping engine was 
to const ruv't >on;t' ]niT::p'^ aii<l thi n attach them to their steam 
ciiiriiu'. and that wouM <rx\\\' tvrrything. With a mill or 
factory mpnc. Nt rxan-i'lr. tl\c aim is to ktvp the spei*d uni- 
form wliilf thi" aTUMimt of powir chan.ircs: but with the pump- 
inv: cngiiu". tlic >piril an*! pv>wtT both changi\ and the aim is 
lo kft'p the water pressure constant. Furlher, with a pumping 
engine witli a tlxed cut-otY. the simple fact of increasing the 
sjxvd by attempting to 1ow«t the water pn^ssun* by drawing 
more watiT, incnju^i's the j>ower of the macliine by gixing it a 
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higher piston speed with the same mean effective pressure in 
the steani cylinders, and the only increase of power needed, 
aside from what the engine will naturally give by automatically 
increasing its speed, is for the friction of the increased quantity 
of water flowing. For example, a few years ago 85 lbs. steam 
pressure, 75 lbs. water pressure, and 5,000,000 gallons per day 
would be pretty good work to be done by, say, an 8,000,000 
gallon engine working upon direct service with the necessary 
capacity for reserve; and to make the illustration simple, the 
work is supposed to be done in one straight condensing cylinder, 
although the effect would be the same distributed among the 
four cyUnders of the quadruplex engine. 

Steam pressure 85 lbs. per gauge; water load 75 lbs. pres- 
sure; engine making 12 expansions of the steam and giving a 
mean effective net pressure of 26 lbs. on the piston; and pump- 
ing at the rate of 5,000,000 gallons per day through 1,000 ft. 
of 16-inch main before the water gets to the distribution system. 
The horsepower would be 150 at a piston speed of 100 ft. per 
minute. Now, supposing that the demand quickly increased 
25 per cent, making a pumpage rate of 6,250,000 gallons per 
day, then the horsepower would go up to 187.5 by the in- 
creased piston speed up to 125 ft. per minute with the same 
cut-off and pressure; or, the same indicator card with a higher 
speed. But there would be an increase^ of 2.3 {x?r cent in the 
power necessary to cover the friction in the force main alone, 
from the increased flow of water, and this would call for a cor- 
responding increase in the mean effective pressure to a little 
over 27 lbs. To meet this the ratio of expansion would have 
to go down to 10, which would require a letting out of the cut- 
off accordingly. 

It becomes apparent at once that the regular fly-ball go\'er- 
nor and drop cut-off would not answer, Ix^cause the attempt to 
increase* the speed of the engine by drawing away the \Vater 
would at once result in shortening the* cut-off, which would l)e 
exactly the opposite of what it wanted. On the other hand, 
should the water \x' checked in its flow, and the pressure tend 
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to go higher in the force main, the opposite effect would be the 
result, and the ratio of expansion would need to increase and 
the power lessen, just to the extent of the decrease in the 
friction of the i . v. With the fly-ball governor and drop cut- 
off, the attem: t to check the speed of the engine by raising the 
water pressi t^^ainst it would result in extending the point 
of cut-off 1 ,^^ipp^ corresponding drop of the governor, which 
would agai ne jiist the opposite of what would be needed. 

From this it will be seen that the regulation of a pumping 
engine on direct service or on any service, is something more 
of a problem than regulating a mill engine ; and it also appears 
that limiting the top speed is about all that the fly-ball gov- 
ernor can legitimately do, so far as automatic regulation is 
concerned and independent of the water pressure. 

Up to the time that the use of the quadruplex pumping 
engine w& discontinued in 1882, and was succeeded by 
the Gaskill horizontal pumping engine, also built by the Holly 
Manufacturing Company, there had been erected in water 
works stations about 80 of these machines, varying in capacity 
from 1,000,000 to 6,000,000 U. S. gallons, and aggregating a 
daily capacity of about 300,000,000 gallons, the average size 
being about 3,500,000 gallons per 24 hours. 



CHAPTER XI 

THE GASKILL PUMPING EN<x 

The Gaskill Pumping Engine, which appeared in 1882, was 
designed by H. F. Gaskill, the engineer and superintendent 
of the Holly Manufacturing Company, at Lockport, N. Y. It 
followed the Holly quadruplex engine, and was brought out 
by that company to provide a machine of lower cost and as 
being better adapted to the growing demand for higher steanfi 
economy and larger pumping units already beginning to make 
themselves felt even at that time. 

The Gaskill is a horizontal engine of the Woolf compound 
principle, and in the form in which it is built makes a distinct 
t3rpe of pumping machinery. It was the first high duty pump- 
ing engine built as a standard commercial machine; and while 
giving a fairly high steam economy, is extremely compact and 
convenient. The engine is shown in Fig. 26 in perspective, 
and in Fig. 27 in section. 

Although its general features of design and construction 
have been retained, improvements in some of the details have 
been made from time to time, and it has fairly held its own in 
the water-works field where the sharpest kind of competition 
has always existed. The engine is of the horizontal, beam, 
crank and fly-wheel, compound condensing type; and has two 
identical sets of steam cylinders and double acting plunger 
pumps connected to a single main shaft with two cranks at 
an angle of 90 degrees, and one fly-wheel located at the middle 
of the length of the crank shaft. In fact, the machine is really 
two complete pumping en^nes, which, with the exception of 
both using the same crank shaft, can be operatc^d separately 
and apart from each other; either straight condensing or com- 
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pound condensing, and as lately produced, triple expansion as 
shown in Fig. 28. The two engines are located close together 
and side by side, with' the center lines of all steam cyUnders 
and water cylinders parallel. In the compound, which is the 
original class and by far the most built, there are two high 
pressure steam cylinders, two low pressure steam cylinders; 
and two water cylinders containing double acting plungers. 
The high pressure cylinders are mounted upon the low pressure, 
and the ratio of the high and low is generally 4 to 1 in area, or 
2 to 1 in diameter. The two steam pistons of each independent 
engine move in opposite directions, and have their own cross 
heads connected by suitable links to opposite ends of a ver- 
tical rocking beam. 

The two water cylinders are located in front of and in ine 
with the low pressure steam cylinders, the plunger rods and 
the low pressure piston rods being keyed to the same cross 
neacis, these cross heads being connected to the lower ends of 
the rocking beams. About two thirds of the distance from 
the low pressure steam cylinders to the water cylinders there 
are located the heavy pedestals for supporting the center bear- 
ings of the rocking beams, and the general construction is such 
that the engine is self-contained in having the working strains 
within the lines of resistance. Tlio pump plungers are arranged 
to work through solid rings, or through stuffing boxes as the 
case may be, according to the character of the water; these 
rings or stuffing boxes are bolted to an inner rib within the 
water cylinaer usual in this type of water end. The water 
valves are small (see Fig. 29), and there are many of them, con- 
trolled by brass springs, and work upon brass scats screwed 
into the horizontal, flat valve decks, the suction deck immedi- 
ately below and the discharge deck immediately above the 
plunger barrel. The water cylinders were rather square and 
box-like in their original form, and were thoroughly and heavily 
ribbed on the outside so as to combine the greatest strength 
with a good distribution of the metal; but the later engines 
have their water cylinders formed much more on the circular 
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idea, and are undoubtedly considerably stronger than the 
original shape. 

Above and below the water cylinders proper are situated 
the force and suction chambers, the suction chambers generally 
being connected by a cross pipe underneath, and at the middle 
of the length of the pump, by two 90 degree bends of easy 
radius, joining in a three-way casting from which the main 
suction pipe extends out at the extreme water end of the 
machine, and so out of the building or into a well within the 
building as the case may be. In the original engine the force 
chambers were bolted on top of the water cylinders, but in the 
later machines cast sohd with the cylinders; on top of the force 
chambers are located the main pillow blocks for the crank 
shaft bearings, and the shaft extending across the engine car- 
ries one fly-wheel at the middle of its length; the cranks are 
secured to the ends of the shaft at 90 degrees from each other 
and in line for connection with the top end of the rocking beams. 

In the early engines there was a bedplate extending com- 
pletely under each half of the machine, and upon which the 
various members were mounted; but in the later engines the 
steam and water ends practically rest upon separate founda- 
tion piers, and are connected by means of heavy cast iron frames 
bolted in between the inboard ends of the pumps and the 
steam cylinders so as to hold them rigidly in place, and there 
are also cast iron girders extending from the imier frames to 
the main pillow blocks. The frames also contain the bearings 
of the rocking beams, and the cross head guides. 

The discharge openings are located at the outer ends of the 
force chambers, and are connected across by means of 90 degree 
bends with their outer ends swung do^Miwards at an angle of 
45 degrees, until they meet in a three-way casting, from the 
lower opening of which extends the deUvery pipe straight 
down through the floor, and thence carried to the most suit- 
able point for the delivery of the water. 

The Woolf compound steam end of the engine has steam 
jacketed cylinders; the early engines were fitted with poppet 
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iiitiuoiion valvt-5 on tht- i«.»p of thi* hi^ pressure cylinders, and 
wiih irri'liron fxliaa^i valvt^ which also sen'c as induction 
v:ilv« < ii ir ilu- luw pn-ssun- cylindtT. the location of the cylinders 
l>«Tn.iiTiiis: uf thi- arranp-nieni. which was admirably carrird 
mil ill ihi- dtsiai. Th«* low pn'ssun* exhaast valves are alio 
t»f ih*' ;n"i<iiron tyj*-. ami l»y a short exhaa<t pipe sends the 
.*-ieaiii dincily iiiii* :hr condrnstr. The rc*gidation of the 

I»oint of cut-off was acconi- 
plL^Iud by nieans of a rocking 
shaft with vcrv limited nio- 
tion controlled in its angular 
jM^^ition by the pressure regu- 
lator alreailv mentioned in 
ronniction with tl:e quad- 
niplex engine built by the 
same ctMiipany. Tlie |>op])et 
valv» s aw oixTattd by two 
revolving shafts c xti n<ling 
length wis<« of the engine and 
drivt n by Ih»vi 1 gears directly 
from the main or crank shaft; 
till' valve is moved bv a verli- 
ral st(m extending upward 
from tin* valve to the end of 
a sluirt U*am pivotid to a 
ripd column attached to the 
«. «« » «r 1 # n u:ii V • framing of the engine; the 

Fig. 29. — PnmD Valves of Oaakill Engine. '^ . 

inv end of the beam is con- 
iMTtnl In a link wliich rxti nds downwards to one side of the 
strap nf a small ecceiitrii' on the longitudinal shaft aln ady 
ii.rnlioiii d. At the (jpposite side of the strap is a tailpiece shod 
with hanleiied ste< ]. ami as the shaft n'volves, the tailpiece 
enmin^ in (•(•ntaci wiili an arm on the mekhig shaft aL<o shod 
wifh >t(el. i- prevented fn»m furthe-r downward motion; the 
npposite -ide of the eeeentric strap continues in its travel and 
so dej^resH'S the outer end of the U-am. raising the inner end 
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of the beam, and opening the poppet valve. When the tailpiece 
is made to slip off from the rocking arm by the further move- 
ment of the eccentric, the valve quickly closes and cuts off the 
steam. The gridiron valves are driven by eccentrics from the 
same shaft that operates the poppet valves, one eccentric 
operating both high and low pressure exhaust valves. 

The later engines are fitted with the Corliss type of steam 
valves and valve gear, operated by eccentrics on the main shaft, 
excepting that the high pressure induction valves, instead of 
having the detaching drop cut-off, arc arranged so that the 
closure is made by positive means absolutely controlled by the 
engine. Fig. 30 and Fig. 31 show the general construction of 
the later Gaskill engines, although in some sizes the main 
cross head carries the inner end of the connecting rod, and the 
rocking beam is driven by a pair of links between which the 
connecting rod passes, whereas in the figures here given as in 
the original design the inner end of the connecting rod is carried 
by the top end of the rocking beam. 

There are two air pumps, one for each side of the machine, 
driven from arms attached to the center shafts of the rocking 
beams, and are located in the space between the steam and 
water ends. The condenser, generally of the jet type, is 
located below and between the low pressure cylinders, giving 
short, easy, and quick passage for the exhaust steam. 

The steam pistons are usually of the plain cast iron ring 
variety, with internal springs, although sometimes sectional 
packing is used The water plungers are hollow and closed at 
the ends, with the rod extending clear through the entire length 
of the plunger, secured by a stoppered nut at the outer end. 
The plungers are arranged to work through different forms of 
rings according to the water, sometimes a plain solid ring, but 
mostly through stuffing boxes, as shown in the sectional eleva- 
tion. 

The operation of the engine is as follows: 

Steam is admitted through the automatic cut-off poppet 
valves into the high pressure cyhnders, forcing the piston for- 
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ward under nearly full boiler pressure until the point of cut-oflf 
is reached. The induction or admission valve then suddenly 
closes, and the remaining portion of the stroke is completed by 
the expansive force of the steam. When the high pressure 
piston has nearly reached the end of its travel, the gridiron 
sUde valve, which acts as an exhaust for the high pressure and 
an induction valve for the low pressure,' opens and the steam 
in the high pressure cylinder passes into the low pressure cylinder 
and drives the low pressure piston the length of its stroke in 
the same direction the high pressure has just traveled, the 
steam expanding to four times its volume, at the time of the 
high pressure exhaust. The release from the low pressure 
cylinder is accomplished by means of the gridiron exhaust 
valve at the side of the cyUnder; the steam, now expanded 
down to a very low point, escaping into the condenser where 
it is condensed again into water. This operation is repeated 
at every stroke of the engine by each high and low pressure 
steam cylinder alternately; the change from poppet and grid- 
iron valves to Corliss valves does not change the principle of 
the machine in any particular; the cut-off and expansion in 
the high pressure, and the full stroke expansion in the low 
pressure remaining the same, as also does the combined ex- 
haust and the induction valves between the two cylinders. 

The Gaskill pumping engine is the only consistent attempt 
so far made to increase the economy of the original Worthing- 
ton form of machine by adding a crank and fiy-wheel to the 
four steam cylinders and two water cylinders. There is no 
doubt that it was brought out for this very purpose when the 
low duty non-rotative machine with its limited ratio of steam 
expansion was at the zenith of its time, but, as already pointed 
out, the Gaskill was soon followed by the Worthington high 
duty, and this brought the two rival establishments to nearly 
equal commercial terms, so nearly so in fact, that one of them 
a few years later succeeded in swallowing the other. But the 
non-rotative engine lost the claim for simpUcity of construction 
so long and so strongly put forward, and justly too for so many 
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years, by the direct acting advocates; which all goes to show 
that low duty means simpUcity of machinery, and high duty 
means more complicated machinery; the main question being 
where to draw the line so as to balance the accoimt to a rea- 
sonable extent. The original type of Worthington low duty 
engine, the high duty Worthington, and the original Gaskill 
en^nes have moving parts and joints as follows : 

Worthington Low Duly. 

Steam piBtons 4 

Steam valves 4 

Water plungers 2 

Stuffing boxes 14 

Journals 28 

Worthington High Duty. 

Steam pistons 4 

Steam valves 16 

Water plungers 2 

Stuffing boxes 35 

Journals 90 

Original Gaakill. 

Steam pistons 4 

Steam valves 12 

Water plungers 2 

Stuffing boxes 20 

Journals 100 

The Gaskill pumping engine completely supplanted the 
quadruplex machine, and was arranged to regulate by the 
same means as its predecessor, the popjwt valves as employed 
in the new machine lending themselves very readily to the pur- 
pose. This engine requires practically no more room than its 
low duty rival, and in fact reprc»sents the direct acting ma- 
chine with the high pressure cyUnder placed on top of the low 
pressure instead of in front of it, and this shortened up the 
design so that the increased distance Ix^twecn the steam and 
water ends to accommodate the rocking beams resulted in about 
the same total length over all. The mounting of the fly-wheel 
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CHAPTER XII 

THE REYNOLDS TRIPLE EXPANSION 
PUMPING ENGINE 

The vertical, triple expansion, crank and fly-wheel condens- 
ing pumping engine, which about twenty years ago, 1886, devel- 
oped hito a pronounced type, has since been repeated many 
times, and has been copied in all essential features by most 
of the builders of large sized pumping engines in the country. 
It was originally designed at the works of the Edward P. Allis 
Company of Milwaukee, Wis., by Irving H. Reynolds, under 
the supervision of Eklwin Reynolds, the general superintendent 
of the establishment; this triple expansion machine, which is 
of 6,000,000 U. S. gallons daily capacity, being a very natural 
development of the three crank compound pumping engines 
designed by Edwin Reynolds for the Allegheny, Pa., water 
works in 1883, and who had just previously, in 1881, designed 
and built his first large pumping engine for the Milwaukee 
water works; this first machine bc^ng a peculiar form of 
Ix^am engine, compound condensing, \\ith one bucket and 
plunger pump directly beneath the steam cylinders; and was 
enacted in the North Pohit pumping station in 1881. (See Fig. 
32 for a general vieWy and Fig. 33 for a sectional elevation.) 
Tills form of engine was never repeated, probably on account 
of cost, although it gave a little over 104,000,000 duty ptT 100 
lbs. of coal burned on the grates. 

Hie next step after the Milwaukee l:)eam engine of LSSl, 
which was of 12,000,000 U. S. gallons capacity, was the com- 
l)ound condensing en^nes of 6,000,000 gallons capacity, two 
of which were built and installed for Allegheny, Pa., in 1883 
and 1884, where they were tested by Professor David M. 

14:5 
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Fig 31, — Ee^noldi Thre« Cylinder Componnd Poainlng Engine. 
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Worthington and Gaskill engines, to three, and produced a 
practicable high tjrpe of pumping engine of great simplicity. 
See Fig. 34 and Fig. 35 for front and side elevations, sections, 
etc., showing one high pressure steam cylinder and two low 
pressure cylinders, with three single acting, outside packed 
plungpr pumps. These engines were two in number, exactly 
alike, both in general arrangements and in detail, of the verti- 
cal, three cylinder, compound rotative iypOf with large re- 
ceivers between the high and low pressure cylinders. Each 
steam piston operated a single acting solid plunger puinj). 
placed in a pit vertically imderneath each steam cylinder. 
The center lines of the three steam cylinders and the three 
pumps are all in the same vertical plane in which al>ove the 
steam cylinders is located the main crank shaft in two pieces, 
which carry two fly-wheels weighing about 10 tons each, one 
wheel over eacji of the two spaces between the three cylinders. 
The wheels are placed overhead, the crank shafts mounted in 
pillow blocks at the top of the A frames, s(»cured to th(» main 
bedplates, the bedplates resting upon the foundations, and the 
steam cylinders secured to the bedplates Ix^tween the A framc^s. 

The valve gear is of the Corliss tyjxj with details designed 
by Ekiwin Reynolds, adjustable by hand on the two low pres- 
sure cylinders, while that of the high pressure is very effc^ctually 
regulated by the ordinary fly-ball governor, the machinery 
being always operated at full speed capacity. The* rec(4ver 
is cylindrical, horizontal, and mounted lx»hind the stc^am cylin- 
ders at about the level of the cylinder tops. The cylind(*rs 
are steam jacketed, packed around their outside barrels with 
mineral wool, and lagged with black walnut: the receiver is 
also covered with non-conducting material and lagged to cor- 
respond with the steam cylinders. The water of condensa- 
tion from the steam jackets and receiver was discharged through 
traps operating automatically, and the receiver ha^ no reheat- 
ing coils. 

The pump valves were originally of the Cornish double beat 
type, of brass; there were seven suction and seven discharge 
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valves for each plunger, and right, here comes in an illustra- 
tion of how satisfactory permanent results are sometimes ob- 
tained in trying to escape from a difficulty which has presented 
itself. The waters of the Allegheny River contained sufficient 
troublesome floating refuse lo uitorfcre with the proper opera- 
tion of the brass Cornish pump valves, when such refuse came 
between a hard non-elastic seat and valve, which of course a, 
brass valve and seat would be- The writer, who was tlien in 
the employ of Uie AJlis Company, watched Uic operation of 
the pumps and reported from tijue to time, until it was evident 
that the hard unyielding pump valves seating themselves 
upon equally hard brass seats, were decidedly objectionable 
under Allegheny River conditions. But tliere wen; the main 
pump chambers, representing a good deal of cost and perma- 
nently eet in place in the pump pit. Each valve deck witli 
seven holes, each 8 inches in diameter through it, entirely un- 
fitted for the application of rubber valves in the usual way, 
and in fact totally unable to furnish the proper valve area as 
generally applied. Tlie remedy employed residted in a form 
of cage construction shown in Fig. 36 and Fig. 37; these cages 
held in place by one large center bolt which took the place of 
the central bolt of the Cornish valve. This overcame tlie 
difficulty completely and conclasively, and in fact so well that 
it was adopted as a permanent detail of the Reynolds pump- 
mg engines and is used even to-day in the construction of this 
type of machinery. Tlie illustrations ^ven in the figures of 
this engine are from an old engraving, and the dome-like form 
of the old Cornish valves may be plainly seen in the picture, 
cispecially with the aid of a magnifjdng glass to enlarge the 
detail. 

The next Reynolds pumping engine was a vertical two 
plunger compound condensing macliine, having outtiide packed 
plungers, which type of plunger has always been favored by 
the designer of these engines. The general design of this two 
plunger engine, or as much of it as shows above the engine 
roont floor, appears in Fig. 38 and is of the "see-saw" claee,. 
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ifjf*;^ ['*[>• \*''^**\-''Z iff}::, 'a r:.air: coniiectei ^"ith this type of 
tv/'/ |,! jnj«r f.'./Vfjn'-. .V- ari ^.'Xa!:*ple of the possible and 
\tvAtu\t\t ixiiuujixuf't- to f;orL-u!:,f'r> ari>mg from the use of 
y-ff-n \thiuvt-r 'w# .-aw*' purrifiirisr f'ngim->. the iMiter recalls 
iiu t'/.u jifU'A /xarnination into thf* matter in Milwaukee, and 
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could count every stroke of the pumps at the kitchen faucets 
of every house within the high service district supplied by 
one of these engines. 

Pumping engines of this vertical two plunger conipouti<l con- 
densing type, were designed and built for Milwaukee, St, Paul, 
and some other cities, and the final one for Hannibal, Mo., 
mention of which has already been made. In the latter engine 




Fig. 87.^C*ga CoDitnictiaa at Pump Valve Seats 



some of the important features seen in the later tri[)lo cxpaiL-^io:! 
design first appeared; sucli a,i (Iosit clearance and smaller 
waste room at the steam cylinder ends, psi)ecially in the lo«' 
pressure, the la.«t cylinder to receive the steam before it is 
lost in the condenser. This is the first pumping cngint^ of tlic 
CorUss type steam end with the valves acros.'^ the cylinder 
heads, with the single exception of the Pawlucket engine de- 
signed and built by Goo. H. Corliss in 1877, although this 
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lation of Bteam valves was not new even at that time, as the 
Corliss Centennial power engine at Philadelphia in 1876 was so 
provided. This detail in engine design is an extremely itn- 
portant one where high steam economy is sought, because the 
less the waste room which has to be filled with steam at the 
cylinder ends at eaeh stroke, the nearer the approach to theo- 
retical cylinder displacement. And the advantage of the 
croas-tlie-head form of valves is that they avoid the comers 
at the ends of the steam and exhaust ports formed by the dif- 
ference between the straight line of the valve seat and the cir- 
cular line of tlie cylinder bore. The introduction of poppet 
valves ioto tliis type of pumping engine has still further reduced 
the waste room, anil brought it down to men'ly the necessary 
clearance for the piston and head, the matter of port room 
having been entirely wiped out of the ca'te with the poppet 
form of admission and exhaust valves. 

Immediately after the Hannibal engine liad ^ven a duly of 
1 18.000.000 ft. lbs. per 1,000 lbs. of steam, the writer made a 
duly test of tlie same type at the high ser\ice pumping station 
of the Milwaukee water works on Grand Avenue, but the latter 
engine had llie (ild-fashioned cylinders with the valves at the 
comers, and failed to reach 95,000,000 ft. lbs. duty per 100 lbs. 
of coal burned, but making 99,000,000 duty per 1,000 lbs. of 
sleam. About a month later a test of a similar engine at the 
St. Paul water works of fairly good size, demonstrated beyond 
all doubt in the light of the Hannibal experience that the small 
cli-ai^ancc, tlie only difference in these engines, was the key to 
a good deal of improvement in steam economy, and as it cost 
no more lo build the engines this way, of course it was the 
proper line to follow. 

After further discussion regarding tlie Milwaukee compound 
engine, which was not up to contract duly requirements, the 
suggestion naturally cnou^ came about of its replacement by 
the then new idea of a triple expansion machine, with the 
Bteaui cylinders fitted with the valves across the heads; and so 
the agreement upon the new type, really the joint efforts of 
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three people, was arranged with the city. This is the first 
triple expansion pumping engine in the world's record, and it 
proved an immediate success. A general view of this machine 
is given in Fig. 39, and it wall be observed that it looks very 
much like the latest productions of this tj^x?, the i)riiicipal 
features being imchanged at the present time, although some 
refinements in the smaller details have been carried out. Tlic^ 
duty of this newcomer in 1886 ran up to about 122,452J24 ft. 
lbs. per 100 lbs. of coal, with return tubular boilers carrying 
80 lbs. gauge steam pressure; and its successors from the same 
establishment have ever since held the high duty n^cord, the 
present figures reaching in April, 1906, a little upward of 
181,000,000, which from all evidence*, invc^stigation, and proba- 
bilities, is very close to the limit of the aoconii)lishment in the 
high duty line of effort, with the use of dry siituratod steam, 
and for 1,000 lbs. consumed, including jackc^ts and n'h(»aters 
in the receivers. 
This original triple, of 1886, has tlu* following dimensions: 

High pressure cylinder, 21 niches diameter. 

Intermediate cvHnder, 36 inches diameter. 

Low pressure cylinder, 51 inches diameter. 

Pump plungers, three single? acting, 231 inches diameter. 

Stroke of all, 36 inches. 

The steam pressun^ sj)ecified by the city was not to exceed 
80 lbs. per gauge, and this rather low pressun* was stijnilated 
because of the boilers already in the station and wliicli the 
city did not desire to replace at that tinn*. The total load 
on the plungers was about 48 lbs. to the square inch, and the 
capacity of the engine was 6,00(),0(K) gallons per 24 hours. 
There were plenty of predictions unuh that with the low 
steam pn»ssure of 80 lbs., the tri))l(» expansion idea would j)rove 
unsuccessful so far as economv of its steam was coiiccnM'd; 
but there an* records of duty of 129,000,000 pvr 1,(KX) lbs. of 
steam from this enghic, which calls for a little l(\<s than 9-V lbs. 
evaporation, a very reasonable figun* with the clean anthracite? 
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<5oal used, the boilers in good order, and with the moderate 
steam pressure to evaporate the water against; that is to say, 
a coal duty of 122,452,724 and a 1,000 lbs. of steam duty of 
129,000,000 call for 9i lbs. evaporation in the boilers under 80 
lbs. gauge steam pressure. 

These results bear out the idea held for years by the writer, 
that if the gain from multiple expansion is due to a considerable 
reduction in the range of temperature within the cylinders, 
then the benefit should show with moderate pressures as well 
as with high pressures. Of course the higher pressure of initial 
steam, with the same terminal pressure, will give a greater 
economy; but even at that, the steam must be protected by 
reducing the range of temperature, and as 4 or 5 expansions 
is about the limit in one cylinder, there should be and is a very 
considerable improvement in steam economy in tripUng, even 
with 80 lbs. pressure of steam. At all events, the steam pressure 
has been more than doubled in 20 years, and the duty only 
increased 40 per cent clear up to the new record of 181,000,000 
now held at St. Louis, Mo., by a successor of the original triple 
engine from the Milwaukee concern. 

This form of construction of the Reynolds pumping engine 
marked and identified this type, which made another decided 
record stride forward in the large North Point engine ^ith a 
24 hour capacity of 18,000,000 U. S. gallons, at the main station 
of the Milwaukee water works in 1892, with a duty of 154,048,704 
ft. lbs. per 1,000 lbs. of dry steam. (See Fig. 40.) 

Still another step forward was taken with Engine No. 10 in 
the St. Louis water works in 1900 with a 24 hour capacity of 
15,000,000 U. S. gallons, which developed a duty of 179,454,250 
ft. lbs. per 1,000 lbs. of dry steam. Tlie record has again been 
broken, in April, 1906, also at St. Louis, with one of the same 
type and make of machinery, when a duty of 181,068,605 ft. 
lbs. per 1,000 lbs. of dry steam was obtained. 

This t3rpe of pumping engine, the general appearance of which is 
given in Fig. 41, as its steam or power end appears above and be- 
low the floor of the engine room, is really three separate vertical 
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steam engines set side by side. Each is upon its own bed- 
plate and with its own framing; the first or high pressure cylin- 
der takes its steam directly from the boiler, and as nearly to 
boiler pressure as it is possible and practicable to get it, and 
exhausts into a receiver which acts as a sort of boiler for the 
second or intermediate cylinder; this second or intermediate 
cylinder taking its steam from this first receiver and exhaust- 
ing it into a second receiver which answers for the boiler for the 
third, last, or low pressure cylinder; and the third or low press- 
ure cylinder taking its steam from the second receiver exhausts 
into the condenser. The idea is to keep the pressure in the two 
receivers exactly at the terminal pressure of the cylinder from 
which the steam comes, so that there will be no drop of pressure 
when the exhaust takes place, the receiver b(ing made large 
enough to prevent any appreciable change in its pressure from 
the incoming and outgohig steam. The result of this operation 
is to get the benefit in work of all of the expansion, and to 
allow no expansion to take place without a corresponding effect 
upon the pistons of the three cylinders. It is jast the same 
as making one large indicator card in one cylinder, and then 
cutting it by horizontal line s into three parts, which give equal 
power in each diagram. This is not exactly and precisely done 
in practice, but it is approached very closely, and it is the 
method for comparing the effectiveness of the steam distri- 
bution. 

The exhaust steam from the high and intermediate pressure 
cylinders is "n^heated'* by means of steam circulating in coiLs 
within the bodi(»s of the receivers; and the cylinders are jacketed 
by steam, both at the sides and heads, in the most effective 
engines. One of the most efficient arrangements of steam 
jacket and receiver heating pipes, perhaps as good as any, Is 
as follows: 

Boiler pressure, or as nearly as may be, from the main steam 
pipe near the engine, passes to the top of the high pressure 
jacket, and out at the bottom of the jacket. Then through 
a branch in the higli pressure jacket outlet to a Flynn trap, 
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and from the discharge of this trap to the top of the low pres- 
sure cylinder jacket. Another branch from the high pressure 
jacket outlet goes to the coil in the first receiver at the 
top; then out of the bottom end of this first receiver coil and 
continues to the top of the intermediate pressure jacket, then 
from the bottom of the intermediate jacket to the top of the 
low pressure jacket. The steam between the high pressure 
jacket and the first receiver coil is throttled so as to reduce the 
pressure in the latter, the natural condensation for the high 
pressure jacket going through the Flynn trap already men- 
tioned, to the low pressure cylinder jacket. The condensation 
from the working steam in the first receiver goes to the top of 
the coil in the second receiver, and from the bottom of the 
second receiver coil to the top of the low pressure jacket. No 
reducing valves are used, but the pressure from high to low is 
regulated by two globe valves in the pipe, one valve directly 
after the other. The final outlet from the low pressure jacket 
at the bottom goes to a water seal in the basement of the build- 
ing, the pressure being .so low that no steam trap is required. 

High pressure jacket has boiler pressure. 

Intermediate jacket has 40 lbs. steam pressure. 

Low pressure jacket has on the ordinary steam gauge. 

The water end of the Reynolds engine consists of three pumps, 
one of the pumps below and in line with each steam cylinder. 
The main framing is very heavy in comparison to the work to 
be done by the engine and, although apparently massive, is 
in good proportion; but of course beyond a reasonaVJe calcu- 
lation as to factors of safety the real needed strength of machine 
framing is not known excepting by experience. The designer 
of this machinery was once asked by a party inspecting one of 
these engines if the framing was not too strong, and the reply 
was " If it is too strong nobody knows it, but if it were too weak 
everybody would know it." 

In some forms of the engine the framing is shaped like a 
double letter a, while in late machines what is known as a 
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single A frame is used. At the top of the A frames are placed 
the steam cylinders, and the bottom or feet of the framing rest 
upon and are securely bolted to the main bedplates in which 
are located the main pillow blocks. There are four pillow 
blocks, one at the inner edge of the high and the low pressure 
bedplates, and two on the intermediate bedplate. These four 
pillow blocks support two main or crank shafts which carry 
the fly wheels, the wheels, two in number, swinging in the two 
spaces formed by the three bedplates. The fly wheels are 
rather heavy, sometimes weighing in the larger engines hs higji 
as 30 tons each. These wheels may seem heavy, but the dan- 
gerous effects of fly wheels on water colimms and force mains 
has been very much overstated by advocates of the non-rota- 
tive forms of pumping engines. The fact is that, with the low 
rate of revolution of a proper crank and fly wheel pumping 
engine, the drag produced by such a stubborn load as water 
largely dominates and controls the machine, and the writer 
was enabled several years ago to try some experiments upon 
this point which clearly illustrates how little real effect the fly 
wheel exerts beyond the regulation of the motion of the 
engine with reference to the cutting off and expansion of the 
steam. 

The case was as follows: a new pumping engine of this type 
and of large size had been started but a short time, had been 
running a very few days, and naturally was not yet in perfect 
adjustment. Occasionally it was observed to come very quietly 
to a complete stop, and after considerable investigation it was 
noted that one of the cut-off hooks did not always get hold of 
the steam arm catch, on account of the dash pot rod being 
too short and the catch going down too far now and again. 
The length of the rod was properly adjusted and then all went 
well, but the suggestion arose to slip a thin wooden wedge 
between the hook and catch after full speed had been reached 
by the engine, to see the effect on the machine and what the 
fly wheels would do in the way of carrying the engine along 
against the water column, the working head being about 220 ft. 
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result was rather surprising, for even with a three cylinder 
having cranks at three points on the circle 120 degrees 
taking steam six times per revolution, there was not 
High momentum in the fly wheels and moving parts to 
the engine one revolution and have the single cut-oflF 
operate after having been interfered with for a single 
»ke. 
-As already mentioned, there are two shafts in the Reynolds 
Lping engine, extending from high pressure and from low 
bedplates to the intermediate bedplate, and at each 
of each shaft is secured a crank, the two middle cranks 
nearly together below the intermediate cylinder, being 
■-^Considerably larger and stronger than the outer cranks below 
- "<hc high and low pressure cylinders. The connecting rods 
- ^sxtending from the cross heads to the crank pins are of liberal 
""length, and, as the cranks are set at 120 degrees from each 
other, the motion of each pump plunger is controlled by its 
own crank, and so the plungers acting in conjunction produce an 
extremely even and satisfactory flow of water. The pumps 
being single acting deliver water only on the downward stroke, 
but the plungers are weighted to half the difference between 
the suction and delivery loads so that the steam cylinders have 
"• equal work on both upward and downward strokes, and the 
only work going through the crank shafts is that which is given 
to and given back by the fly wheels on account of the expand- 
ing steam. 

The main pumps, three in number, are of the single acting, 
outside packed plunger pattern, secured beneath the bedplates 
directly in line with the steam cylinders so that the force and 
resistance of the pumping are in the same center line, thus 
making the machine self containing with reference to the work 
it is doing. The pump barrels proper, or the plunger barrels 
as they might be called, are separate castings from the valve * 
chambers, and this is the better form of construction for this 
type of water end; the valve chambers are placed in front of 
the plimger barrels and made to form a part of the supports 
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r the bedplales (scii Fig. 42). The connections Iwtwecn the 
pluiiK^T bara-ls and the valve chamtiers are located so that the 
formation of air popketw is impossible, which ia an extremely 
important detail not always appreciated by designers of piiiuj>- 
ing machinery, even some of those considered pretty goo<l 
ones as the world goes. The course of the water should al- 
ways be upward and outward without interference, aftt-r it 
once gets inside of the suction chamber at t!ie bottom of the 
pump, and overdrauglits and chances for forming air bubbles 
an<i lur pockets should te avoided. 

TliP pump work is all of the cylindrical form gjving great 
strength and rigidity in proportion to the metal employed. 
Tile valve decks are plain flat surfaces well ribbed and sup- 
ported from underneath, and the pump valves are mount^-d 
on cages as already pointed out in Fig. 36 and Fig. 37. These 
valves are rubl>er disks 3i inches in diameter and about one- 
half incli thick: they work on brass valve seats and are con- 
trolleii by brass springs: the area of each set of valves, suction, 
«nd delivery, generally being about equal to the area of the 
croas section of the plunger. Fach pump has an axr chamber 
fonned of the upper portion of its valve chamber construction, 
which supports the bedplates: and in some cases large equal- 
izing pipes connect the tops of the air chambers thus formed. 

Tlio steam engine proper, or the steam power end of the 
machine, is practically a regular vertical triple expansion marine 
tj'pe of engine, with cranks, fly wheels, guides, and connecting 
rods; nuining at a low speed to accommodate the pumping of 
the water which experience teaches and shows cannot be profit- 
ably handled at high speed: none of the experienced and success- 
ful liuildirs and users of pumping machinery being advocates 
of high piston or plunger speeds for water works en^nes. The 
air pumji for the condensing apparatiLs is driven sometimes by 
an ann attached lo the top end of the main plunger at the low 
pn-jwure end of the engine, and sometimes by a rocker beam 
operated by link connections from the plunger head; tlie six 
pump driving mechanism, also drives the boiler feed pump, 
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jacket water puinp, small air compressor pump, etc., so that 
there are no auxiliary apparatus to be driven by steam from 
the boilers. 

The connections between the steam pistons and the water 
plungers are by means of the usual piston rods, from pistons 
to main cross heads, sometimes two rods and sometimes one 
rod to each piston; and then from the main cross head there 
extend four heavy tie rods to the pump plunger, thus trans- 
mitting the motion of the piston directly to the plunger without 
the intervention of Unks, beams, or similar details, and making 
the machine direct acting in all essential effects, the mechanical 
efficiency of the larger machines going as high as 96 per cent 
in some cases. The steam piston packing is usually composed 
of cast iron rings joined where the ends of the rings come to- 
gether by a brass "keeper/* often two ringp in each piston, 
nearly square in the section of the ring, and backed by li^t, 
thin, steel springs of just sufficient tension to hold the ring^ 
against the cylinder walls. 

The steam valve gear is of the Corliss t3rpe on the hi^ pres- 
sure and intermediate cylinders; and on the low pressure cylin- 
der sometimes a combination of CorUss steam valves and poppet 
exhaust valves is used, while in some of the engines all poppet 
valves are used on the low pressure cylinder; and sometimes 
the intermediate cylinder is fitted with Corliss steam valves 
and poppet exhaust valves. The clearance or waste room in 
these cylinders is often brought as low as IJ per cent in the 
high pressure, 1 per cent in the intermediate, and less than 
one-half per cent in the low pressure. The high pressure cut- 
off is controlled by the usual fly-ball governor for the top speed 
limit, combined with a variable hand adjustment. The inter- 
mediate and low pressure cut-offs are adjusted by hand and 
set where the operation of the engine indicates the best effi- 
ciency in actual service. These engines have seldom been, if 
ever, used on the direct or closed system of pipes, and at the 
worst upon rather large systems or upon systems having a 
stand pipe, and for the reason that they have generally been 
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built of the larger capacities, because it is doubtful economy to 
produce and use triple expansion high duty engines upon a 
small scale; but of course the larger capacities mean extensive 
distribution systems even where there are no reservoirs, and 
large systems mean a very considerable percentage of the 
pumping capacity of each engine utilized, which in turn means 
a pretty free delivery and ease of pumping. Therefore, beyond 
taking care of the top speed limit, and affording reasonable 
adjustment where the natural and automatic demand and sup- 
ply do not properly respond to each other, there have been no 
practical attempts made at close pressure regulation; but of 
course there is no reason whatever why a pressure regulator 
cannot be applied to the vertical triple as well as to other forms 
of pumping machinery. 

Since the design and introduction of the vertical triple expan- 
sion, crank, and fly wheel pumping engine in 1886, the original 
builders have produced about fifty engines having an aggregate 
capacity per 24 hours of 600,000,000 U. S. gallons, other build- 
ers having followed this design more or less, having quickly 
recognized its good quaUties, especially its excellent fitness for 
use m large sizes, say from 10,000,000 to 50,000,000 gallons 
daily capacity. Aside from the original builders there have 
been produced and placed in water works about thirty of these 
en^es by other builders in different parts of the country, and 
it bids fair to hold a very prominent place for a long time to 
come, as there are no signs at the present time of any great 
advances in any other direction in the line of economically 
pmaping water for public supply. 



CHAITER XIII 

VARlOrs TYPRS AND CLASSES 

A HKAsnxABLY coiiipletr Hst of puiiiping eiigincs which have 
Uth or iK»\v an* n^jnilarly Iniilt for water works, including the 
four pronoiuict'd t vjx s n^ferred to m the la?t chapter, would 
Im^ as t'<»ll<iws: 

Xnn-Iiotatirv nr Worthintjton Ih'reti Acting Type 

Conipound noiiH'ondensing, horizontal. 

(\)iiHH>un(i condensing, low duty, horizontal. (Original 

WorthiujrtonJ 
Tiiplr iioii-eoinlensing, horizontal. 
Triple condensing:, horizontal. 
('<»in]M>und condensing, high duty, horizontal. 
Triple condensing, high duty, horizontal and vertical. 

Rntnfirr nr (Watik and Fhf-Wheel Tyjye 

Cross coni]M)und cond<'nsing. high duty, horizontal and 

vrrtical. 
I)o\il)le compound condensnig. high duty, horizontal. 

■(iaskill.) 
Triple condensing, high duty, horizontal. (Gaskill.) 
Triple condensing, high duty, vertical. (RejTiolds.) 
(^uadruplex condensing, low duty, inclined. (Holly.) 

Heginning at the toj) of the list, the Worthington tj-pe of 
wat( r works jnnnping ( ngine has Ik en n7)eated to a very much 
greater extent tluui any known form. In fact since 1863, the 
date of its hitroduction, the duplex direct acting t}'pe has 
Ikmii more (»xtensiv( ly duplicated for water works purix)ses 
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than any other, not even excepting the older and original 
direct acting type, the celebrate:'. Cornisli engine. And since 
tlio expiration of the early Worthington patents, the shops 
of nearly all regular steam punip buil-iers, wherever water 
works machinery of moderate sizes, say up to 5,000.000 gallons 
daily capacity, has been nianufactiu^d, have joined in swelling 
tlie produetion of this type of hydraulic machinery. 

The compound non-rotative, non-condensing, horizontal 
machine, the first on the list (see Fig. 43), is Ukily the simplest 
form in which is it possible to construct a pumping engine at 
ail acceptable for suppl>Tng water in a methodical manner. 
It of course follows the regular duplex direct acting lines, 
althougli the absence of a condenser necessitates oven a lower 
rate of expansion than the rather low ratio of the condensing 
machine, but it must be remembered that the water load is 
added to by the one atmosphere pressure of Hteam which must 
be driven out of the low pressure cylinder when no vacuum is 
present to help the work along. There arc two higli pres- 
8ure cylinders and two low pressure cylinders for the steam end, 
and generally one large casting contains the two water plungers. 
It has the steam pistons, pump pjungers, and duplex steam 
valve gear constructed practically the same in principle as in 
the larger and more refined clas.ses of tlii.'' type. It is not very 
extensively used for water works purposes, u|H)n the score of 
lack of steam economy, although the machine may be bought 
for comparatively a low price. However, in some cases, say 
up to 1,000.000 gallons ])er day, where coal is very cheap and 
plentiful, this class of engine is occasionally employed. 

^0 second on the list, the comiiound condensing, horizontal, 
-fotativc pumping engine, is fully described in Chapter 
B the original water works engine of this type. 

third on the list, the triple non-condensing, horizontal 
iiine, is practically the same as the first mentioned at the 
I of the list, with a third pair of cylijiders added so as to 
iLse the steam three times instead of twice. It is not much 
uaeU in water works because the compound condensing ilots 
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more with its steam at almost the same or perhaps a little 
lower cost for plant including boilers. 

The fourth on the list, the triple condensing, horizontal, 
known as the "low duty triple/' is the machme thmi in the 
list, with its cylinder proportions slightly changed and a con- 
denser added. This form of the non-rotative machine up to 
6,000,003 gallons daily capacity, makes a very good compromise 
between low and high duty for small and moderate sizes of 
pumping engines. Cities and towns pumping enough water 
would be justified in purchasing a high duty compound con- 
densing engine, but the economy of fuel is of course just as 
desirable in the smaller plants as in the larger ones, and it is 
perfectly plain that high duty may be too expensive, for its 
real value must be ba»«ed upon the saving in fuel which it can 
effect, as balanced against the capital account represented by 
the interest on tl.e cost of the engine, and also the cost of the 
maintenance of the engine in good order and repair. The 
time came when the low duty compound condensing machine 
was left too far in the background by the high duty standard 
machine to hold its place, and hence a step forward within 
the reach of small and moderate buyers became necessary. 
The "low duty triple'' meets the requirements in a very satis- 
factory manner. 

The idea was to produce a pumping engine so simple in 
design that its cost would be comparatively low, and yet contain 
elements which, although not by any means ranking with the 
cut-off high expansion machines, nevertheless would show a 
saving in coal that would justify a slightly greater price, when 
pumping a small quantity of water, than the low duty com- 
pound could be bought for. It must also equal the compoimd 
practically, in low cost of repairs. 

As already pointed out, this class of the Worthington type 
is a six cylinder machine at the steam end, having the cylinders 
in tandem pairs with the low pressure cylinder at the outer end. 
See Fig. 44 for a general view of the machine, and Fig. 45 for 
a longitudinal section of the steam end. A good deal of study 
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was given to this engine with the factor of accessibility in view, 
and the successful arrangement for getting at the various pis- 
tons is apparent in Fig. 45 which is a horizontal section through 
the cylinders. Each piston and cylinder may be examined 
by the removal only of the respective cylinder head. The 
high pressure and intermediate pistons may be removed be- 
tween the high and intermediate cylinders; while the low pres- 
sure pistons come out at the back end of the machine in the 
usual manner. 

The steam valves are of the Corliss type and located beneath 
the cylinders, thus giving a very i»erfect drainage and practi- 
cally preventing any moisture entering the cylinders at all, 
such moisture going directly into the exhaust ports at once; 
and it has been demonstrated in practice that these engines 
do not need the usual drip valves on the steam cylinders. Cut- 
ofT valves are fitted to the high pressure cylinders only, and 
the mechanism is arranged to cut oflf from the half to the three 
quarter point in the stroke. The valve gear is very simple, 
and in principle like the regular duplex, modified of course to 
suit the Corliss valve, and driving directly to the valve arms. 

The drive of the main pump at each side of the engine is 
accomplished by attaching the plunge rod to a cross head ex- 
tending across the framing, so as to connect with the single piston 
from the high pressure and the pair of rods from the low pres- 
sure, the intermediate piston being connected by a single piston 
rod back through the head between the intermediate and low 
pressure cylinders, the intermediate piston driving directly 
on to the low pressure piston which in turn transmits the inter- 
mediate power to the cross head by means of the pair of rods 
shown. 

The efficiency of this class is very satisfactory in small and 
moderate machines, say from 750,000 to 6,000,000 U. S. gallons 
per 24 hours, when pumping against ordinary water works 
pressures of from 40 to 100 lbs. per square inch. The duty of 
the engine varies according to size and other governing condi- 
tions, from 70,000,000 to 95,000,000 ft. lb«, per 1,000 lbs. of 
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steam, some records going as hi^ as 80,000,000 ft. lbs. l^^th 
onlinary steam just as it comes from the everj'-day boiler plant 
without allowances for entrainment. An « ngine of this type 
and class of 2,000.000 V. S. gallons capacity per 24 hours, 
pumping against a pressure of about 80 lbs., has an official 
record on K^t duty of s2,000,000 ft. lbs. per 100 lbs. of coal 
fireil, without any deiluctions of any kind; and its record gives 
a yearly duty of 72.000.000 ft. Ux^. per 100 lbs. of coal for the 
station, inchuling hanking and heating, although it is very 
difficult to siv what banking and heating have to do with the 
duty of a pumping engine. 

The fifth on the list, the compound condensing hi^ duty, 
horizontal direct acting pumping engine, is the engine men- 
tioned second fitted with what is known as a hi^ duty attach- 
ment. A clear idt»a of this engine is given in Chapter IX under 
the heading of the original Worthington pumping engine. 

The sixth on the list, the triple condensing, hi^ duty hori- 
zontal and vertical, is a still further development of the non- 
rotativo ty|K» of pumping machinery, and represents the largest 
and most economical |)umping engines of this type. It is 
|)roduc(»d in ca|>aciiies ranging as high as 40,000,000 U. .S. 
gallons per 24 hours, and has a record of 175,000,000 ft. lbs. 
of work per l.('(X) lbs. of dry steam. 

The high duty horizontal triple condensing, direct acting 
or non-rotative tyix^ is shown in Fig. 46, and the vertical 
triple engine is illustrated in Fig. 47, the latter indicating a 
class of this tyix3 employed in capacities of from 20,000,000 
to 40,(KK),(KX) U.S. gallons per 24 hours. 

The seventh on the list is the cross compound condensing, 
high duty crank and fly wheel pumping engine, which is built 
in both the horizontal and the vertical form. By cross com- 
pound is meant that the steam is transmitted across the engine 
on its way from the main steam pi|x>s to the condenser, ex- 
panding and doing work on its way. There is a high pressure 
str\am cvlinder at one side of the machine, which takes its 
sup|)ly of st(jam directly from the boiler and exhausts into a 
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receiver; and a low pressure steam cylinder at the opposite side 
of tlie machine, taking its steam from the receiver aod exhaust- 
ing into the eondeiiwr. Tliis type of en^ne would be impos- 
sible for practicable oix'ration in pumping, without the use of 
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the crank and fly wind for connection and regulation; it is 
a very good tyjjt' of pumping engine where it suits the condi- 
tions, but there are many cases in water works where the 
unbalanced operation of the two sides of the machine make it 
undtsirable. Also where the steady and full load of reservoir 
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! or an equivalent load is encountered, the use of the 
SB compound engine does not give the buyer that full benefit 
(team economy that might be just as weU obtained by the 
of a triple expansion machine, especially in cawew of con- 
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L-rable capacity, eay from 10,000,000 to 20,000,000 gallons 
1 upward per day. 

Hie horizontal cross compound pumping engine originated 
Uie attachment to a regular cross compound Corhss mill 
pne, of two wattT pumps, one behind each steam cylinder; 
; jdungers being driven by an extension of the steam pit>1on 
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rods through the back .steam cylinder heads, and then prolong- 
ing tli(»s(* rods into plunger rods entering the water cylinden^. 
It is no doul)t the shnplest form of the horizontal crank and 
fly wh(H'l pumping engine, hut on account of very considerable 
space reijuired has not been extensively used in water works 
|)lants, (^specially where new engines are placed in old buildings. 

The Piatt Iron Works Company of Dayton, Ohio, has followed 
out this idea in a sulistantial and consistent manner, and has 
also tak<*n an imi>ortant step apparently in advance of most of 
thr othcTs so far a< concerns reduction in the cylinder waste 
room or clearance, by placing the steam valves across the 
ryIind(M- hrads in this tyiw of pumping engine. The water 
plungers are very easy of access at the free end of the water 
cylinders; the steam pistons are n^asonably accessible esp(H*ially 
when it is considered that the motlern steam piston re(iuires 
comparatively little attention; and the main pillow blocks, 
cross heads, and connecting rods are as easy to get at as in a 
Corliss mill engine. This company seems to be making somt^ 
special and apparently succ(*ssful efforts in adapting the Corliss 
type of steam end to various ty|x\s of pumping engines, includ- 
ing direct acting or non-rotative machinery, as may be seen in 
Fig. .")('), which shows a design of comj:)ound condensing engine, 
and Fig. -IT, which shows a four cylinder, cross-triple engine. 

Tl.e Snow Steam Pump Works of Buffalo, X. Y., reduced 
tlie cross conij)ound horizontal pumping engine practically to 
a n gular altiiough not frequently repeated type, by placing 
the crank shaft between th(^ steam and water ends of the 
machine, the steam ])istons and water plungers being rigidly 
connected together l)v means of tie rods which pass alx)ve and 
below the crank shaft. '1 he Alli<-Chalmers Company of Mil- 
wanke(\ Wis., also produce a cro-s-compound engine of this typo, 
and tli«^ originality of tlesign will a>: a matter of cour-e be disputed 
between t hes(* two firms. Hio machine luis a great advantage by 
b<'uig accessibh* iu^ to pistons and phmgers, at the outer ends 
of the s:oani and water cylinders, and reasonably so with refer- 
ence to the main pillow blocks and conTHcting rods. There 
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lave not Ixon very inany of tliesc" horizontal cross compound 
niaphiiits built, most likely for the reason that there aiv oot so 
vrry many places where they will fit in econoniically, all thing' 
forwidertd. It seems as though the cross compound came l<io 
lale into the field; the gap Ix-tween the low duly triple and the 
lii^i duly triple is comparatively narrow, and Is well taken care 
of by the regular and thorouglily introduced types of high 
duty comjjound machinery such as the Worthington and the 
ikill-Holly engines, 

;. 4S, Fig. 40, Fig. 5(1, Fig. 51, and Fig. 52, show diffen'iit 
les of horizontal cross com|H)und pumping engines, and aKi 
Iwo different makfs of vertical cross compound machines, all 
designc d and built by leading enginrei's and manufacturers. As 
tn ernnomical results, there Ls no reason in the expanding of 
Ktt'Hni in two cylinders provided with appropriate cut-off mech- 
anism, why this form of machine within proper limits will not 
aceornpli.sli as high a record as any other type, of a similar 
numlxr of expansions, and similar circumstances. In fact the 
'ord d(K s show that the results are about the same with coui- 
id machinery under equal ratioit of expansion and niechani- 
ifficiency, similar steam pressures and work accomplished. 

TC has been much talk about high ratios of cylinders in 
ipound enpnes, competing with the triple engine, in steam 
I'conomy: but the secret of efficiency in higli ratio compmund 
cyliniliiT is the unusually large low pressure cylinder incident- 
ally affordeil, luid the consequent facility of adjustment of the 
engine to its load. But the excessive range of temperature 
tliat ap[)ears when too much steam expansion is attempted in 
any one cylinder will always prevent two cyUnders reaching 
the economy of three cylinders. .\nd aside from this, the many 
advantages in using three single acting plungers in a pumping 
ptigiiie would be enougli to dispose of all arguments in favor 
of cross compound engines, where the ca<«t and capacity are 
■able to the triple. 

eighth on the list, the double compound, condensing, 
duty horizontal, crank and fly wheel pumping engine, is 
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fully *lt»s(Til)0<l in Chapter XI as the Gaskill engine, and enjoj^ 
thr disliiirtioii of W\u^ the first hi^ duty crank- and fly- 
wheel pumping (Mipne, proliahly the first hi^ duty pumping 
(Mi^inr of any ty|M\ ropilarly built as a standard or cominercial 

ni.'ichinr. 

Thr ninth on iht' list Ikl^ lH.»en of limited use in water works 
plants. It is thr (ia^lvill coni|K)un(l engine with an additional 
pair »»f strain rylindrrs, these latter cylinders forming the high 
prr»nir cyiimlcrs of a six-cylinder triple machine of the hori- 
zontal, (-rank and lly-whecl ty{H». (See Fig. 5.3, which gives a 
very clrar i<l<'a of this machine.) Iti< Hmited eniploynjent in 
pnnipini: -tations is no tlouht due to the idea that when the 
>tcp to triple expansion is taken, the fact presents itself that 
in>tr;ul of sto|)j)in^ half way at a compromise point, it is hetter 
t<» Mtlopt the complete triple* machine, the vertical triple, thr(*e- 
cvlin<i«T en«rine, an'l thus simplify the machine and increase tl.e 
eliicicncy at the same time, even though at slightly greater cost. 

riir tenth on the li>t is tht» Reynolds vertical triple c^xjian- 
si«»n eni:in»'. now rapidly taking the hjad as the ultimate devel- 
(>|Mi.«'iii (if nuMJern hi^h duty pumping machinery, already hav- 
ini- jii-i mImhii rebelled the extreme possibilities in expanding 
>ir;im \uu\rv ])r;i(t ical )le working pn*ssures. This engine is 
(|r>c?ilM'.i in Chapter XII in fairly good detail. 

Thr clrNrnth <ni the Ij.-t. although now ol>solete and out of 
th'- iharkri. till- Holly (|ua<irnplex pumping engine, esj)eeiallv 
<i«'>ii:iieil lor ('l(»-e(l -y-teiii> of j)ip<'s, is well worthy of mention. 
1 1 hrM an important j»lace in tin* public wHter supply field 
t\\riit\ Ii\r years a.uu. an«l was well thought of as a standard 
mai'hiiie in i(- <lay. A 'ie-cription of this ty|K* of machine is 
;ri\en ill ('hapti'r X as on*' ot' the distinct ty|)es of pumping 
<'h,i::iiie>. 

Theie liw in addition to the foregoing, several offshoots from 
the W (>rthingt(»n tviie oi" iiigh dutv non-rotative machintM'v 
\\\n oiiiv of which >m\i to be of sullicient prominence to call 
for >|iecial iin'ntion the d'Amia and thc^ (Iroshon engines; 
and (Mily one of the>e, tln' d'Auria. ha-^ 1 ee.i r<'|)eated sufficiently 
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to CDiitle it to a place sm a regular pumping engine for public 
water supply- Both of these endues would coim' under the 
fifth and sixth in the list, that iy, of the non-rotative type and 
belon^g lo the high duty compound and triple classes, as 
they can both be produced either as compounds or triple expan- 
sion machines, precisely uj^on the liiics of construction followed 
by tlie Worthington machinery, witli differences in the coni- 
ppnsating devices and valve gear. 

The d'Auria high duty pumping engine is practically a 
Worthington machine fitted with a balancing or compensating 
device of the hydraulic variety, and consisting of a liquid col- 
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Fig. tS. — Hrdnolie Leap at Uia d'Auria Fmnpuif Eagins, 

umn contained within an inclosed loop or pipe, connected 
with a chamber which contains an auxihary or compensating 
plunger. This phmger is attached to the same rod that carries 
the main pump plunger and the steam pistons of the pmiiping 
engine. (8ee Fig. 55 for the hydraulic loop, and Fig. 54 for a 
general view of tiiis class of the non-rotative tyjw.) When the 
engine is working, the compensator or auxihary plunger forces 
the liquid in the pipe loop into an alternating or pendulum- 
hke motion. During the early part of the stroke, l)pfore 
the cut-off, tlie surplus enorgj- due to the initial steam 
is absorbed mostly by the hydraulic column in the loop, to be 
g^ven out again during the latter portion of the stroke when 
tlie expanding sleain has become too weak to drive the load. 
Of course the object is, as in the case of the fly wheel of the 
crank en^e, or the compensating plungers of the ^S'orthington 



•-:.4-'-* ■ '-•> "i laliz*- rii- ineriualiti*-- of jteani exp^ansion through- 

n.i- <!:t— m: rh.- Lc,ri-r<itari\>- txjr* i> t*-ing built for water 
v.-rk- ii'::m ihL' -tatiMi- iii ^izvs fro!:. l.-yClXXl to 10.CIOO.<X)0 
r. S. i::x;:":.- ;- r J 4 li«.:ir-. niA in CHn^ral df^ign Is exception- 
;;?iy J—' 2 :".-••::. :i T:.»-,ha:iir^aI -taiiJjH.'int. The eastings an* of 
;:.u-;;i;;y l'-hh* .i»-ijii: :tii.l -m far a- can be seen, this engine 
i: ;'r">r:y jiar*-! uj-Jii i% roiiiniercial ba-^is and pushed ^^ith 
t!i»- » !.• T-:y -.vi'.:. -.vhuh -'•iii*' «if thr others have been handled. 
Willi i !i' 1' ;I'T j» ! i!- -han «»f biL-iiit-ss: for no matter how 
i;.Mi.i TJ:. ir.v* r.'.ir »-r li* -iiriitr ii.ay ihirik his engine is. or good 
It. p :ii:y i-. ■':.• {-iMi'- jr:i<TiiaIly know< nothing aVxiut it. and 
it n.jiiirt- a :;'"»•! ,i»:i! i.f |p«r>iT-tiiiei'. patience and hard work 
tn lir !:. <'!;-• r.;"' ai.v «•» TTaiii !••! I if fads in conij>etition with 

S<i:i:r ..'!;♦ r '.v'- I'J'l^'-il:::. 

Th'- JfV'-h:. I.iJi 'i'lTy riiiii-rotativr pumping engine is a 
p'lir.i'iiij •lidr.f "i" j!i»' ^^•^^■!lilll:Tnrl tn'jh* fitted with Gro:?hon's 
valvt ::« ar ai.l •■••::. i'»ii-aTiM: ilivici-. ihi' valve gc»ar being an 
adapTaMn:: t-:' •!.» ('<.rii-- it I.a.-iiiL: p'ar with da<h pots: and the 
iN^iM»«ii-a*ii:-: i'vii-f i- n cniiiliination of auxiliarv water cvlin- 
li' IS. 1« V. !-. :i!il ri'!:ii»<-Mi'ii-. -•«» arranjred a< to make iLse of 
ihr \v:iri r ].!' --:!■»• in ua- i;,aiii di^charirinp pipt^. to equalize 
tlu' iiU'iiiaii'i' - •■:' *!:»• -iraiii «'\pansion. The machine seems 
to Ik- i':a<'ii.:i'.l. . 1 -.t viiy ftw liave liecii built and put into 
<*!\ii'« : :ilt:...i^!.. a* i:i thi- i-as*- i»f the d'Aiiria mgine, commer- 
cial riHTjv ;!.»;:! ilv aii! liUrallv aiiplied would no doubt result 
in 'l.r u^' »■: :'ii^ t ii^rii,.- t»i a cnrresptauling extent. Fig. 58 
>lio\vv ;i ^.iura! vi-w ni \\w cJr<»>hMn pumping engine above the 
tloor ii:i.\ a:, i Ti;:. .V» <h(»w- a <\tU' i-lrvation exhibiting the 
\v«»!\i:Lj; j-av:- .•:' '":.'' vahr oar aii«l comiH'usating device. 

A>i»lr Mo::i \''\^^ rrL:-.i!ar ^vi»t's and classes of pumping engines 
fi»:- wairr work- wlsi -h liavr irra-lually taken their places from 
tiiiu' In liii.i'. liniv liavr 1 n'u .jiiitc a numIxT of attempts at 
>i>rri;il .Ir-iiiii- v.!.i,li l.a\i- 1 rci: x^ldom or never repeated: 
and <;hl; t iniini'- Isavr no •iuiihi lii-n fondly looked upon by 
iluii- ilrsii:ni !> ai il.r linjt of production. a> the jxTfection of 



VARIOUS TYPES AND CLASSES 179 

accomplishment, to be copied and repeated by engineers for all 
time to come. Of course all new machines which represent 
radical departures from well-trodden paths are of special 
design, and the attempts to make them successful and admir- 
able are extremely earnest and sincere. But it has been 
observed that the most valuable and enduring advances have 
been made along the lines of evolution more or less slowly; the 
few brilliant and marked examples now and then taking their 
places as a sort of punctuation in the general progress. 

And so it may be noted that during the years of develop- 
ment of what may be called conunercial pumping machinery, 
although it was not considered as such in the early days, for 
water works, from 1885 to 1892 occasional designs of a special 
nature with the aim of much better steam economy mostly 
in view came out from time to time ; and no doubt these special 
engines spurred the makers of the regular products to great(T 
efTort.s. Long and heated arguments were indulged in by 
the different advocates of various ideas, all tending to fix the 
lines of average, where capital and coal accounts could meet 
upon comnion ground, and where the buyer could make the 
Ix^st investment all things considered. 

The more notable special pumping engines giving duties 
above 100,000,000 ft. lbs. per 1,000 lbs. of steam, were the 
Corliss Pawtucket cross compound, horizontal engine of 1878; 
the Leavitt Lawrence compound beam engine of 1879; the 
Reynolds Milwaukee compound beam engine of 1881. These 
engines, however, although clearly demonstrating the possibil- 
ities of refinement along the old lines of steam jacketing, 
high steam pressures, steam expansion, condensers, and air 
pumps, were too costly to justify their general adoption in 
water works service, even though they did show their ability 
in the line of much greater steam economy. 

The Corliss Pawtucket engine is shown in Fig. 60, the Lea- 
vitt Lawrence engine in Fig. 61, and the Reynolds Milwaukee 
engine in Fig. 62. 

Among the older and interesting pumping engines which 
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tiBVf never btm rt'pcaU'd im fu-foual of rcwt mitl nllicr ohpt- I 
tioiun, but in which it ««» sought In i-xce! the performance nf I 
the Cornish pngim- of 70 jx-iirw ugo, and pn-vioiis to tiif iKlvwit ] 
of the so-called "high duty" cngineB already n'fprn'd to, [ 
then- might be mcDlioni-d the Shiulik (.'iigioe, a Bull Camii | 




Fig. 80. — CorliM Pkvtaakat Fttaplng Eagin*, by OMrg* H, OerilM. 

a.s iiearly as it rcwmblod anylhing, at Cincinnati, Ohio; 
full Omiish engine of Shodd nt Providence, R. 1.; the txiWi 
engine at llttuburg, Pa. And then- were a few otheni hard] 
of enougli imiwrtancc to iiiention here aiid which perhaps ! 
will be better to [)erniit to sleep on in uiiknoun roiting plao 
although tlicy no doubt pointed a useful even if painful less 
at the time of their design and production. 
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CHAPTER XIV 

PUMPING ENGINES ADAPTED TO CONDITIONS 

The proper adaptation of a pumping engine to the condi- 
tions to be met in service, is the key to the highest practical 
efficiency. Reservoir work, or the work of pumping only into a 
storage or distributing reservoir, and with the force main having 
no connection whatever with any of the distributing systems, 
is no doubt the easiest and most economical task that pumping 
machinery is called upon to perform. But even at that, there 
are as simple as the proposition seems at first sight, some 
important items to be carefully looked out for. In the matter 
of steam economy alone, there are needs of reasonable consider- 
ations in connection with other details. There are advocates 
of high piston speed, of high steam pressure, of high rate of 
revolution, and other singled out and isolated factors. But 
the general combination wherein the machine best meets the 
conditions is what will yield the best results, and not the 
exploiting of any particular seemingly important factor by 
itself. And as an example of this it may be noted that the 
pumping engine in this country, if not in the world, which a 
year ago, April, 1906, held the high duty record per 1,000 of 
steam, has the following set of conditions to work under: 

Capacity per 24 hours, 15,000,000 U. S. gallons. 

Piston speed, 197 feet per minute. 

Rotative speed, 19.7 revolutions per minute. 

Water load against pumps, 126 lbs. pressure, 290 ft. head. 

Steam pressure per gauge, 126 lbs. 

Indicated power, 802 horse power. 

Mechanical efficiency, 96 per cent. 

Steam per hour per indicated horse power, 10.68 lbs. 

Duty per 1,000 lbs. of steam, 179,450,250 ft. lbs. 
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With reference to high piston speed, the best recdrd known 
to the writer as to pumping engines is 607 feet per minute, 
where the duty per 1,000 lbs. of steam was 157,843,000 ft. lbs., 
showing that high piston speed alone will not answer. 

With reference to high steam pressure, the record seems to 
be 200 lbs. per gauge and a duty of 149,500,000 ft. lbs., show- 
ing that high steam pressure in the absence of other ruling 
conditions or proper fitness, falls short of the best perform- 
ance. 

Regarding thermal efficiency, or the actual economy of heat 
employed with reference to absolute temperatures, even the 
greatest thermal efficiency does not in the presence of adverse 
conditions in some other directions, enable the engine with 
a very high thermal efficiency to equal the engine working 
under a better general fitness of things, as will be seen by the 
following: 



TUKRMAL EFFIClKXCy. 


Duty per 

1,000 Ln8. OF Steam. 

Foot Pounds. 


22.80 
21.63 
21.00 
20.85 
20.78 


149,500,000 
178,497,000 
179,454,250 
173,620,000 
176,419,600 



What has been considered for some time the world's record 
for general all around efficiency for a pumping engine is as 
follows : 

Capacity per 24 hours, 30,000,000 U. S. •gallons. 

Steam pressure per gauge. 185 lbs. 

Piston speed, 195 feet per minute. 

Duty per 1,000 lbs. of steam, 178,497,000 ft. lbs. 

Duty per milUon heats units, 163,925,300 ft. lbs. 

Steam per indicated horse power per hour, 10.335 lbs. 

Thermal efficiency, 21.63 per cent. 

Mechanical efficiency, 96 per cent. 

Rotative speed, 17.73 revolutions per minute. 
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The complaint has often been made that pumping engines 
do not give so high a duty in regular service as during the 
official test with experts. In general terms this might be 
admitted and because the experts know how to adjust the engine 
better and how to operate it more closely to conditions found 
to exist than the running engineer usually found in pumping 
stations; and this difference in operation in favor of the expert 
is because the expert, by his more extensive knowledge of the 
subject, is a more valuable and a higher paid man than the 
regular attendant. But it would not pay for all the actual and 
practical difference in economy, to employ a scientific and 
professional expert to operate a pumping station, although 
for purpases of contract comparisons the very best work of 
the engineer is sought to be brought out by the contractor, 
and this is jast what the expert docs, leaving it to the regular 
nmning engineers to approximate as nearly as they can under 
every-day conditions and the many cares of the situation, 
the pace .set at the official test. But aside from the fine ad- 
justments which the expert is able to make in the engine so as 
to completely adapt the machine to its work at the time of the 
test, while the engine cannot be expected to keep up to the 
fine adjustment in the hands of its regular attendants, any 
material falling off in duty can bo traced to changed conditions. 
For reservoir work exclusively, consisting of pumping to a 
reservoir through an independent main, and in the absence 
of service pipes for supplying consumers, the fullest lilx^rty 
can be allowed in selecting the typq of pumping engine to be 
used: and any reasonable type or class in the use of which 
the economy of steam and coal would be satisfactory might 
be installed. But when the s(M'vicc of supplying consumers 
comes into the cjuestion, and where the water from the* pumj)- 
ing station is sent through street distribution pipes, tlu* types 
of machinery must be restrictcnl to those which will givc^ rea- 
sonable smoothness in operation and a great deal of frecMloni 
from pulsation. The system not infrequently mot with of 
having the distributing mains supplying the consumers situated 
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between the pumping station and the reservoir, the gKi- 
eral consuniption satisfying its demands and the surplus going 
on into the reservoir located somewhere beyond the m^ dis- 
tribution, furnishes a case in ]X)int' and a two plunger pumping 
(»npne with ISO (iegrot* crank pins vnH require excessive air 
clianilxTs to enal)le it to give any decent approach to satis- 
factory siTvicc: in fact any tyi)e or cla*NS of rou^ working 
(•4if2:in(' will under such conditions cause a great deal of trouble 
and complaint. Going a step further, we have the closed 
system, oft(Mi known in some parts of the country as the "Holly 
System," wh(»r(» a c1os(h1 circuit of pii)es is used without stor- 
age or free d(»liv(»ry, and in fact without any delivery aside 
from th(» consumers' supply pipes and the inevitable leakages; 
ill such a syst(»m of cours<» th(» pumping machinery should have 
the smoothest possible d( livery, and 1h» capable of the closest 
practical automatic n^gulation. Steam (»conomy takes a third 
or fourth position under the cIosckI circuit, and certainty of 
j)umpjige suj)ply, st(*adiii(»ss of pressure, and promptness in 
responding to fire alarms are the most important factors in 
the system. Such systems are mostly used in the smaller 
cities found in the flat regions of the middle west; those of 
fairly good size, say from 25,(XK) to lOO.CXX) population usually 
have stand pipes in comu^ction with what would otherwise 
come under the head of closed svstems. Where the closed 
system of pipes Ix'comes of considerable extent and especially 
where stand pipes are attached to such systems, the pumping 
engin(»s can be proportioned so that they will di\nde the work 
up into units of (piantity, and then one or two engines mi^t 
be operated practically under reservoir conditions so far as 
pumping nearly or (juite up to cai)acity Ls concerned; but the 
ever present liabihty of*fire, which will call for an immediate 
and great increase in the pumpage, it being remembered that 
there is absolutely no storage aside from what is in the source of 
supply and the pump wells, requires that the running engines 
must be kept well within their capacity so as to be available 
for (juick increase in their delivery: reserves l>eing kept in cons- 
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slant readiness to supplement the machinery working on the 
domestic supply if the demands for fire service become urgent. 
It iiiight be appropriate to this branch of the subject to 
mention types and classes of pumping engines best adapted 
to the various conditions of service; they would be as follows: 

Pumping Engines for Reservoir Service Only. 

Horizontal engines with two double acting plungers. 
Vertical engines with two single acting plungers. 
Verti al engines with two differential plungers. 
Vertical engines with one bucket and plunger. 
Vertical engines with four single acting plungers. 
Vertical engines with three single acting plungers. 
Direct acting vertical engines with two double acting 
plungers. 

Pumping Engines for Reservoir and Distributing Service, 

Horizontal engines with two double acting plungers. 
Direct acting vertical engines with two double acting 

plungers. 
Vertical engines with three single acting plungers. 
Vertical engines with four single acting plungers. 

Pumping Engines for a Closed System of Distributing Pipes. 

Horizontal engines with two double acting plungers. 
Vertical engines with four single acting plungers. 
Vertical engines with three single acting plungers. 
Direct acting vertical engines with two double acting 
plungers. 

In buying and installing a pumping engine, there seems to 
be a certain procedure v/hich has come to be adopted during 
the gradual development of the business, and although shorter 
and bolder courses may at times l>e followed, ujwn the whole 
it will no doubt be found that the natural evolution in the 
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matter \^ a pretty safe guide to follow. It has seemed to some 
at tinifis a< thou^ the mere statement of the requirements 
\o \r^ met was all sufficient for the attraction of competition, 
an<i that the would-be buver could be furnished with all the 

m 

rifres.-ary information and details relating to what he was to 
gf t for hL< money, by the competitors themselves. This seems 
l>eautifully .^irnple. but there are certain attributes in human 
nature which completely defeat most of such efforts. Each 
bidder wants the work: and a< the object and aim of compe- 
tition is to frot the most and btvt for the money, the result is 
that the party with the lowest bid tries to con\ince the buyer 
that his machine is upon e |iial terms ^ith the others, and he 
ha< th<* lowest fipin^s: while a higher or even the higjiest 
biddor trif»s to conxince the buver that he ha*^ ver>' much the 
U»st j)ro|x>sition, although at a higher figure or the higjiest 
fijrurf. The l)uyer's l)est course may \yQ upon a middle ground 
sonifwhcre l)etw(»<*n the hidu^t and lowest: but he does not 
know if unfamiliar with the minutiae of the subject; and when 
lif x'cs the fif^ires varying !()() f)er cent from the lowest to the 
liicrljost for what he supi>oses ought to mean the same thing, 
hf i> entirely at sea, and In^gins looking al)out him for some 
sort of lif'lp out of his dilemma. 

The wi(if» opon call for pro|>osals for a pumping engine will 
n-ult in tiii< state of atYairs sometimes. IxTau^ie certain \ital 
(h'tails an* not spcci(i(Hl in the call for bids, and different bid- 
<I(T< will olTfT inarhincrv to Im' run at all sorts of speeds, the 
main ol/uT-t sfcmin^^ to he to make the lowest price; and. 
although the lowest ])riee aeeom|)anie(l hy proi)er conditions, ade- 
rpiate (limen-ioii<, etc., ou^lit to l>e th(» on(» chosc^i, it behooves 
the huver to Ikj certain that he is safe in hi^ selection. Of 
eourse this brini!;^ ii|) th(r (juestion of professional or expert 
a^lviffr in making a i)r()p(»r selection, and the logic of this L^ 
that it will he better to have e()m])etent specifications prepared 
in advance, than to endeavor to select a proper proposal from 
th(^ **^ral> l>a<r" collection liable^ to develoj) from the open call. 

The matter of specifi^-atioii^ would seem at first glance to be 
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very simple, and perhaps it is, to those builders who under- 
stand, and have the courage to offer what they really know 
ougtit to be furnislied; but the ever present grind known by the 
name of eompetition, coupled with the strongly grounded idea 
that a contract should go to the lowest bidder, will assert itself 
and interfere with the fairly rational treatment of the subject. 
Aside from tins there is a tendency amounting to a determina- 
tion at times, to stipulate that the builder of pumping endues 
must pro\-ide all subfoundations, foundations pro[>er, do ex- 
cavating, cut into and replace masonry, floors, walls, and what- 
ever may Ix- cliaiigcd in the course of the installation of the 
machinery; thereby inflicting upon the maker of machinery a 
lot of work entirely and completely outside of his legitimate 
business and occupation. The writer holds, and is encouraged 
by exjierience in the belief, that the best course for a buyer 
to |)un*ue with reference lo iiis own interest is to exempt the 
engine builder from all work and responsibility outside of the 
machinery itself, even to the painting of it, leaving hira only 
that which he is prepared to handle, and so leave his mind free 
from the haunting shadows of matters foreign to his busi- 
ness and which ho cannot meet without a certain element of 
uncertainty as lo cost, and the reflection of which most surely 
comes back to the buyer in the shape of increased price by rea- 
son of percentages added by Ihe machinery maker to cover 
passible contingencies of which he cannot accurately infonn 
himself beforehand. 

Let us map out a course which would be followed, indeed 
has been followed, with very satisfactory results, whether the 
purchaser be a private corporation or individual, or a city 
hedgotl about by legal requirements in the making of a con- 
tract. First it should be stated in some sort of an annoimce- 
ment that the proposals will be i-eceived at a certain hour, 
dale, and place; and putting all upon an equitable footing 
with sealed proposals. General data should be stated for 
the information of the intending bidders, arranged in a con- 
venient form m that tho.'^e at a distance need not go amiss in 
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preparing a proposal, or put under the actual necessity of send- 
ing some one to investigate. Cases of course differ; sometimes 
the new machinery is to go into an old building, and some- 
times a new building is to be provided for its accommodation, 
so it may not be practicable to lay down a hard and fast rule ; 
but the general data from an actual case may give some idea 
of the requirements: 

Static water pressure at the level of engine room floor. 

Static water pressure from floor to level of water in well. 

Allowance added for friction in force main. 

Allowance added for friction in suction main. 

Total working load on the plungers. 

Steam pressure at the engine throttle. 

Available clear height above the engine room floor. 

Engine room floor to basement floor, vertically. 

Available distance across engine room. 

Wall to wall of engine room, inside across. 

Available on floor lengthwise of engine room. ^ 

Available in basement lengthwise of engine room. 

Distance from building wall to pump well. 

Air chamber required at inboard end of suction pipe. 

Air compressor required for force main air chamber. 

It also seems to be desirable to state at least closely approxi- 
mate, the required length, or the stopping place on the con- 
tractor's part, of the suction, delivery, and steampipes, and 
in these and other items remove to the utmost extent any and 
all uncertainties, so that the builder of pumping engines may 
be able to figure upon some exact basis. In fact, a clear and 
comprehensive statement of the work which the buyer wants 
done will help greatly in the matter, and save a great deal 
more money than it will cost to make such a statement. A 
general outline of the work to be done, modified of course by 
conditions in different cases, would call for the making of the 
design: furnishing general and detailed drawings or blueprints; 
and erecting in the pumping station upon foundations to be 
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^^^^ished and built by the buyer, in accordance with the de- 
blueprints, templates and anchor bolts, furnished by 
engine builder; a pumping engine of the desired type and 
together with appurtenances, connections, piping and 
Aires within the engine room, complete and ready for con- 
'-Xious service. 

-A call for detail drawings or working plans of a pumping 
^^^^gme by a buyer is not looked upon favorably by some 
^^^cJders, as it is considered to be rather an exposure of trade 
^^^crets; but in some cases of public work there is a legal require- 
^^ent to the effect that all details of a contract must be made 
public and submitted, at least so far as the Board or other 
public body officially making the purchase is concerned. At 
any rate, even if the detail drawings should be suppressed, 
a clever draughtsman could produce upon paper a very close 
imitation of any machine in operation, which might be open 
to public observation, and which as a rule water works engines 
are. And in addition to this opportunity for copying, the 
echnical journals publish, from time to time, notable speci- 
mens of all kinds of engines and machinery nearly enougli in 
detail to afford a pretty good guide as to capacity, strength, 
and detail of construction. 

Some of the first things needed to be known by the builders 
are the conditions of service under which the engine is to oper- 
ate. This can be conveniently made known by stating the 
nimiber of gallons required to be pumped in twenty-four hours, 
giving the. total water load upon plungers, including friction 
of suction and delivery mains, static head, point and manner 
of the delivery of the water, and making this statement in a 
positive manner, thus releasing the engine builder completely 
from all responsibility for the details making up the total load, 
but requiring of him an engine capable of deUvering the given 
quantity of water against the aggregate working pressure 
under the stated conditions. 

In the matter of design of a pumping engine, under speci- 
fications drawn closely enou^ to indicate the type desired 
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r|r:irly iiinl uiiiiiistakahly, the actual ilosipn niay he well kh 
tn \hv l)iiil<l(T. thr stipulation IxMng iiiaile that tho enoDe 
if to iHi iiit(» a luiiMiiij: already in existence, must confonn 
rrasonaMy l«> its proposed siirrounihnpi. so that proper and 
rmiveiiiriii >pact' alwmt its various parts may be ajNSured. In 
flu- iiiallrr <it" ailaptiii^ this or that p'lieral tj^x* of machinery 
III any particular \V(»rk or service. |XTlia{is the buyer niigjil 
prniit hy iiiilepriiilciit e\|MTt advice, so as to guanl agaiibt 
till' well niiaiiiiij: l)Ut niis<niided zeal of makers jx)sses8?ed with 
^trnui: d»'^in'> nf m-IHuj: machinery which might not possiblY 
H'l»n'-rnt tlif very l>est investment for the buyer, but which 
if;ii:lit in<-idi'nlallv irive its iuak(M- and advocate some trifling 
a Ivaiitap"^ <»v«'r ci)iii|M'titnr> in making a contract. 

rijr IcriLTtli t}\ -iroUc i- a very ini))ortant governing detail 
ill tixiiiL: the cu-t 111 a |iuinpiiii: rniiin*', jvs so many other details 
hiiiL'*' MjHiii ilii- I I'M-: .Mill tlirp" i< no iiood nMscm for not stating 
ilir .-inik<' nf tin- jiistniis and |)luni:ers. and their speed as well 
titliiT or linili in irct of travel anci revolutions per minute 
^i\iiii: tlir allnwancc of excess desireil in the plunger capacity. 
Tlir liuycr ini^iit jii>t as well plac(» all competitors upon an 
e.j;i:i| inniiiiLT at (iiice. leaviiijx Very littU^ to argument or un- 
ci 'i;iiiiiy. aii'l lie will tiiid that much the easiest and more 
• 'r..fi(.ihie:il \\;iy of dealinir with the matter. Subterfuges 
nl.iiiiij im |Hireiiiai:e- nf phmiTer diameter to length of stroke 
uii' -nuieiiinc'- iniliilL:ed ill tor the purix)sc of stipulating 
diirn'n-inh". Imi liy far llie hettiM* way is to come right out Nnth 
the «i<'-ire.| j import iui I- of the water (Mid of the machine, con- 
foi miliar of eoiir-e to l'o<m1 jiractice, Imi leaving the steam fac- 
t«i!- lamely tti tin- l.iiildi'r oil aci'ount of tho duty guarantee 
^ii'iierallv re.juiri'il. Tlie writer has observed cases wherein it 
Would have been iiiMcli IxMier to aj)point the experts before 
liiiyiii^ the inacliirie than to wait irntil after completion for 
the rcirulaiioij t<'st of the niachiiH'rv; and for the reason that 
even when; th(? j|esi<:Min^ is left to tht» builder, certain stipula- 
tions covering priin-iples of construction and proportion if 
properly carric'd out will insun' th(» results asked for by the 
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and all the experts would need to decide would be 
ither or not these stipulations had actually been mot; a 
much more readily and decisively accomplishetl than some 
ends aimed at during the test after construction, 
example, we know that a pumping engine at a given 
with certain diameter of plungers and length of stroke, 
when properly made, displace just so much water, the 
niction and workmanship being the guide as to capa- 
ity. \Vc also know from records and experience that cer- 
proportiona in the construction of steam cylinders and 
tenances will perform safely certain economical efficien- 
the entrainment of water in the steam, or the leakage 
of a fon-e main between the engines and the reservoir, will not 
have any bearing upon these facts as points of design and 
construction in the engine. If the buyer is suffering from 
bad boilers and force mains, the engine builder cannot help 
him out by modifying the machinery. Give the engine builder 
dry saturated or superheated steam for his engine or the 
onuivalent allowances there'or, and then take the water away 
[roni hi» pump under the slipulateil load, and that is as far a.i 
,Can furly be held responsible for results. 

various parts of tlie machinery should be of plain and 
itantial dcrigi with appropriate shapes and forms adapted 
to the special purpose; the principal aims being for ample 
strength, great reliability, good mechanical effects, etc. Where 
the design is made by the builder, and the work is in competent 
hands, there is not very nmch to say, but there is no harm 
for the buyer or his representative to know that the bed|ilatcfi 
and framing will be designed so as to prevent loss of alignment, 
or undue strains, or changes of load distribution, from changes 
of temperature or other cau.«es; castings so designed as to 
avoid objectionable changes of section with reference particu- 
larly to shrinkage strains; reinforcement of the body of the 
iting next to the flanges, proper fillets, roimded corners, 
angles, and all such details which may just as well 
at the same price aa something less desirable : the de- 
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sirable machinery coming as much or more from a thoroui^ 
knowledge of design and construction, than from an advanoe 
in price asked by the builder. 

The general construction and arrangiement of the pump- 
ing engine will of course depend upon whether it is horiiontal 
or vertical, as either one of these distinctive t3rpes will follow 
lines peculiar to it.'^lf; also depending upon whether the type 
will be of the crank and fly wheel or the direct acting vari- 
ety, that is to say, rotative or non-rotative. In drawing up 
specifications for pumping engines upon the part of the buyer, 
it L^i not good {)olicy to go too far in the direction of actual 
design or even <liii)cnsions: but rather to set forth the con- 
ditions and re(iuirenients to a pretty exact degree, and by 
so doing the coni{)otition will be kept mthin certain restric- 
tions, a good close and real coni]x^tition on figures will be ob- 
tained, and a great variety of bids on machines most of which 
would not Ix; wanted, kept from complicating the efTorts to 
secure the type or class of machine really wanted and best 
adapted to the work to be done in the current service of the 
water works plant. The \mter can recall a recent case, where 
in ten or twelves bids from different concerns representing the 
l>cst manufacturers of pumping machinery in the country, 
with business head( quarters situated hundreds of miles apart, 
the dimensions given by the bidders for the machinery pro- 
posed to 1)0 furnisheil were alike in a large majority of the 
offers, and the few which differed from the majority differed 
but slightly. The bids reduced to ecjual terms did not vary 
more than five jwr cent. In the specifications under which all 
of the proix)sals were made, not a dimeiLsion excepting the 
lengtli of stroke of the engine was mentioned, but the condi- 
tions of service were pinned down so closely that practically 
all of the bidders arrived at the same conclusion regarding the 
machines. A case of the opposite character is also recalled, 
where the writer was called in to untangle a snarl of bids; the 
highest being more than 100 per cent above the lowest. This 
condition was the result of a wide oi)cn sjxjcification of very 



PUMPING ENGINES ADAPTED TO CONDITIONS 197 

indefinite meaning, and wherein very few particulars were 
given. The bids were all rejected, and a new specification 
resulted in a good, clean competition with the figures about 
two thirds of the highest bids received under the first call, 
and with the different bids pretty close together. 

The question as to what type of pumping engine is required 
needs careful consideration; whether horizontal, vertical, triple 
expansion, compound or double expansion, fly-wheel, direct 
acting, and all other matters and facts likely to have an impor- 
tant bearing upon the subject, should be taken into account in 
making a selection. In fact, the type or class of engine can be 
pretty thoroughly sifted down, and then the competitio.i 
called for upon lines suited to the particular case in hand, and 
so avoid the complications and uncertainties resulting usually 
from the wide open specification. It is best to set forth very 
plainly the requirements to be met, the guarantees expected, 
and the terms of payment proposed; stating the various con- 
ditions under which the water is to be pumped, the duty ob- 
twied, water pressure, steam pressure, piston speed, length of 
duty, test, etc., etc. Also stating penalty, bonus, or damages, 
and the ultimate action of the buyer to be expected in case 
the engine fails to meet the contract, or falls short a certain 
amoimt of the contract requirements. 
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INSTALLATION OF PUMPINCI ENGINES 

Thk tyix» and class of tho pumping engine having been decided 
uiXMi iu^ the lx»st for tlie sit vice under consideration, of course 
the first (juestion is wJiether the new niaehinerj' is to go into 
an old building, or wliether it is to be a part of an entirely new 
])lant, buildings and all. And this thought naturally enough 
leads (linH'tly up to the further (juestion of foundations. And 
in the consideration of foundations for the support and anchor- 
age of inuiiping niachiniM-y, es|HH*ially for the larger sizes, it is 
very difficult to (Establish any fixinl and exact rules. Many 
HtttMupts hayt» Ix^en made and nuich time lost in endeavoring 
to establisli sonit* sort of formula for reaching satisfactory 
results; but there are so many changing circumstances, varia- 
tions in conditions, and incid(Mital things to be taken into the 
account, that it is difficult to see how the (juestion can have 
any theoretical side at all. 

The only |»rin(i}>le of material yalue is the one which involves 
the loading of the foundation. (*\press(»d in pounds pressure 
j>er scjuare foot upon its IhmI, so as to keep within a safe work- 
ing limit. And in the mattcM* of load upon the foundation bed, 
it is extremely necessary to make the unportant distinction 
l>etwe(Mi a live* load, such as a working engine, and a demi load, 
such as th(» walls of a buildin*^. It goes without saying, that a 
heavy, strong, and suitable foundation is al)solutely necessary 
for th(» lH»st results, and this is es|)ecially so in the case of pump- 
ing engines. There are all sorts of rules and ideas concerning 
the spread, weight, length, breadth, and depth of foundation, 
but th(» situation and conditions, as in all other matters |^r- 
taining to the acc()m})lishment of any definite purpo.-e, must 
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largely govern the efforts in this direction. A pumping engine 
comes under the head of "live loads*' upon a foundation as 
opposed to anything which does not of itself embody a living 
and moving force; and a good general rule with reference to 
the foundation of a pumping engine is to allow 800 lbs. to the 
square foot upon the bottom or upon the bed of the founda- 
tion, inclusive of the weight of the foundation itself, when 
upon good earth or soil, and this will give enough area to the 
bottom for any good soil. With rock for a bed, a less area of 
bottom will be sufficient; in fact, the least area consistent with 
sufficient space to support the machinery at the top of the 
foundation vdW answer all purposes with a rock bed; and it 
is only when the work mast rest upon a bed of soil, clay, gravel, 
or other earthy materials in the absence of rock bottom, or 
in the case of such extreme depth down to the rock, that the 
excavation and subsequent filling with foundation materials 
is very costly and troublesome, that the bearing pressure is 
to be brought down to what may api)ear to some as the low 
figure of 800 lbs. to the square foot of area of bed. 

Foundations may sometimes be unnecessarily expensive on 
account of cut stone caps, anchor plate stomas, and other 
costly things, but it cannot be too solid. The idea of a foun- 
dation for a living, working engine, Ls to make it as nearly as 
practicable, represent a fixed part of the entire mass of the 
earth by its weight, spread, and bearing: and when this is 
accomplished to the extent of preventing all settlements, 
tremor, or disarrangement of any kind, then the stability 
and operation of the machinery will Ix? assured, so far as its 
installation and location are concerned. 

Foundations for the smaller sizes and capacities of {)ump- 
ing machinery are generally made am{)le; apparently becaase 
the cost Is not very great anyway, or is comparatively small 
and simple in form. But as the magnitude of the plant in- 
creases, the proportions of the smaller unit carri(»d out in a 
larger unit, scents to make th(* dimensions and cost loom up 
to an extent which startles the designer. Of course the fact 
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is partly, perhaps principally, that with small machinery, 
say a 2,000,000 gallon horizontal pumping engine, just a mono- 
lith or solid mass of masonry of the required length and breadth, 
and perhaps 3 or at the most 4 feet deep, will make a proper 
foundation, and in such cases the weight per square foot of 
bed is very much less than 800 lbs. Such a small simple thing 
as a brick or concrete pier 10 feet long, 5 feet broad, and 4 feet 
deep is easy and inexpensive to build, but when it comes to 
a vertical, triple expansion pumping engine of the highest 
type and of considerable size, as, for example, 15,000,000 
U. S. gallons capacity, the foundation is calculated very closely; 
many times too closely, to the sorrow of the buyer at some 
later day. 

It can be stated with the certainty and authority of a self 
evident proposition that money invested in a proper foimda- 
tion is money well invested; and that money kept out of a 
foundation to the extent of risking the success of the machinery, 
expresses a saving very badly misplaced. In fact if the ques- 
tion must be settled between apparent extravagance and mis- 
placed economy, then the extravagant side of the case ought 
to be favored in the interests of safety, low repair accoimts, 
and economy of operation. Each case ought to be considered 
and decided by itself, as experience shows that no general 
rule can be followed on account of the great variety of imder- 
ground and underwater conditions, unknown and unseen 
until actually dug down to and exposed. Foundation mak- 
ing is not quite so purely an art as stone quarrying, but there 
is not so very much difference between them as at first might 
be thought. 

When a new pumping engine is to be put into a building 
already in existence, a very great care is necessary to avoid 
doing damage to the building, its foundations, and its walls; 
it not infrequently being necessary to underpin the building 
walls before the engine foundations can be commenced. The 
writer in his own experience lately, had such a task in hand, 
and the first thing done was to excavate a pit about 5 feet in 
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1 line with the wall; and this pit was carried down to 
the botlom of the building foundation which was found to rest 
upon coarse sand and gravel. It l)eing necessary to go still 
deeper to accommodate the new engine, which was a vertical 
triple expansion machine of 15.000,000 U. S. gallons daily 
capacity, this pit, 5 feet along the wall, was continued on down 
some 12 feet below the bottom of the building foundation mitil 
rock and large immovable boulders were reached. The pit 
was then carried beneatli the building foundation for its entire 
thicknewi, and a bed of strong Portland concrete was laid 3 
feet in depth, and upon this concrete base a pier of brick laid 
in cement mortar wa-s carried upwards to the bottom of the 
foundation at this point, thus completely underpinning and 
solidly supporting the buildmg foundation and wall. 

Aftor this first pier had been allowed to set enough to make 
cortfun of a proper' support, another pier was excavated for 
and constructed the same as and about 5 feot from the first 
one. This process was continued until 20 feet of the walls 
at both sides of the building were solidly supported upon 
these brick piers with spaces between them. Tlie spaces be- 
tween the new brick piers were then excavated to the rock, 
and brick piers were also built in the openings thus formed, 
resulting in a continuous new sub-foumlation. Then the 
earth inside the building below the basement floor was pro- 
tected by a retaining wall at two places, extending across the 
building and down to the rock, so that the entire space extend- 
ing clear across the building and some 20 feet lengthwise of 
;hc building was excavated down to rock and large heavy 
'.inmovable boulders, upon which a bed of concrete made a 
substantial and highly satisfactory bed for the foundation of 
the new pumping engine. The walls of this pumping station 
alxive the main floor had been lined and finished with a high 
quality of white enameled brick, with very precisely pointed 
joints: and after the foundation work had been completed, 
including the foundation for the pumping engine, there was 
nut the slightest trace of any cracks or settlement in the fioifihed 
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surface of these walls. Such work illustrates the bad policy 
of loading down an engine contract, as already mentioned 
in another chapter, with matters which do not belong to it, 
and which the contractor should not be made responsible 
for. 

Still another, and fully as good an illustration, is a case 
rather more difficult than the one already cited. A liu*ge and 
important pumping engine, happening to be also of 15,000,000 
U. S. gallons daily capacity, although against a considerably 
greater head, had been contracted for. This engine was also 
to go into a building already in existence and so situated that 
it could not be replaced upon the same premises, and therefore 
it meant the saving of several thousand dollars to the buyer 
if the existing building could be utilized; only a moderate 
amount of alterations being necessary in the building itself. 
The foundations of this building were not any too stable in 
construction, and rested upon rather a hard limestone bed 
rock about 12 feet below the main or engine room floor. From 
the corner of the building the rock surface extended at the 
depth of 12 feet, about level, in line with one of the walls, and 
ascended about 4 inches to the foot along the line of the other 
wall, these two walls forming the 90 degree angle which made 
the corner of Vac building. 

The outline plans for the new pumping engine showed that 
a distance of 16 feet would be required from the level of the 
engine room floor to the under side of the sole plate beneath 
the water end of the vertical machine; and in addition to this, 
it was necessary to allow at least 12 inches for concrete in level- 
ing up so as to form a sub-foundation. This meant that the 
new work would extend down into the rock 5 feet below the 
building foundation at one side, and 13 feet below the surface 
of the rock near the middle of the building at the other side of 
the new engine. The work to be done was to excavate nearly 
straight down into the rock until a foundation bed was formed, 
practically although roughly level, and 17 feet below the engine 
room floor, leaving the foundations of the building along the 
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oralis forming the angle, standing within about a foot of the 
lew excavation in the rock. The building foundation being 
3f not any too compact a character, it was decided to under- 
pin the building with concrete piers extending through the 
3riginal foundation walls and placed directly beneath the wall 
piers between the windows, the corner or angle being taken 
;are of in a very complete manner by means of an extra heavy 
concrete angle pier. 

After the walls had been thoroughly protected, the earth 
was excavated down to the rock, and retaining walls of con- 
crete were formed to hold back the earth in the other parts 
of the building where no basement existed; and then the earth 
covering the space where the new engine was to be located, 
and having dimensions of 42 feet by 24 feet, was excavated 
and removed from the building, leaving the rock exposed where 
the new machinery was to be placed. Then commencing 
near the middle of this area of exposed rock, a pit was formed 
down into the rock by very light blasting, barring, and pick- 
mg; this being gradually increased in size and deepened until 
the required depth was reached, the pit then forming a space 
at the bottom about 10 feet square. These operations of 
blasting, barring, and picking were continued around the sides 
of the pit until the rock excavation was finally completed 
of the size, shape, and depth. A bed of concrete was then 
rammed into place until a clean, true, and level surface was 
formed just the required distance below the engine room floor 
for the accommodation of the water end of the new pumping 
engine. The holes for the anchor bolts were then laid out and 
drilled by diamond core drills to an average depth of about 
5 feet, the bolts being secured in the rock by a well known 
wedging device. (See Fig. 63.) 

When an entirely new pumping station Is built and arranged 
for pimiping imits of uniform size so far at least as floor space 
is concerned; or where a station already in existence is re- 
vamped upon lines of imit capacities, although future units 
may be of greater capacitiy than the first ones erected, it is 
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easy to provide for projier building foundations, engine 
foundations, pump wells, intakes, screen chambers, etc. But 
to save unnecessary expense in the future, tlie arrangements 
of building and engine foundations, together with the lay out 
of suction and delivery pipes, must be carefully thought out 
and planned from the start, even though all of the work is not 
immediately gone into. There are very few tasks more ex- 
pensive, annoying, and risky, in proportion to usefulness, 
than the cutting, carving, and digging necessary for the 
placing of new pumping machinery and its foundations 
within a budding already crowded with machinery, pipes, 
and masonry. This of course at times has to be done, and 
largely no doubt l>ecause the additions, improvementfi, and 
enlargements are mostly made in establL'^hed plants possessing 
limited available space. The matter of economically pro- 
\'iding for the future is not so difficult as it may at first seem; 
and the unit system may be so arrajiged that a plant, whether 
large or small, in pumping capacity, could be composed of 
what might be called compound units, or plant units. Having 
compound units means to place the machinery in groups, as, 
for example, four, five, or six pumping engines or pumping 
units in one complete building, the building forming a plant 
unit. Then when in the future it becomes apparent that more 
capacity is needed, instead of attempting to build onto or 
enlarge an existing building, make the plans for another group 
or plant unit, conforming of course to any changes or im- 
provements which might have been developed since the last 
plant unit was built. 

In this way, having some definite line to work to the matter 
of future foundations and other accommodations for the 
machinery could be intelligently provided for. although no more 
of the actual work need be done than the present demands 
call for, the main thing being to look ahead and establish tlie 
possibilities for future improvements which, when the time 
came, could be placed without annoyance, imdue expense, 
or interniptions of the water works service. It will surprise 
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many to observe, after a little study, how much satisfactory 
work and planning can be done in this direction. 

A great deal could be written upon the subject of pump- 
ing engine foundations, but in the absence of opportunities 
for laying down hard and fast rules which would be of practical 
use for future work, such writings would naturally have to be 
confined to work already accomplished; and, beyond the study 
of materials and methods of construction in particular cases, 
not much real good could be done. A student, an engineer, 
or a water works manager would have to determine in the 
special cases met by them, how far the history or record of work 
already accomplished could be properly applied to new cases 
in hand. 

WTiere excavation, building new foundations, retaining 
walls, underpinning, or similar work is to be done, it will be 
necessary to ascertain by local conditions and evidence what 
the character of the earth or soil may be for quite a considerable 
depth about the locality. In soil, no matter how durable it 
may appear, even after excavations have been made it will 
be well to ascertain by drill rods, drills, or augers, or other 
means of sinking test holes, to what depth a firm and suitable 
foundation bed may be depended upon. Whenever a con- 
siderable depth has to be tested it is very often a good plan 
to drive down a piece of wrought iron pipe, and, if necessary, 
this pipe can be made up of moderate lengths successively 
screwed together by the ordinary pipe coupUngs so as to 
increase the convenience of driving. It is not difficult or 
uncommon in ordinary soil to cheaply go to the depth of 40, 
50, or even 100 ft. for testing purposes by the use of the above 
mentioned or similar appliances. 

Rock is of course always to be preferred for the bed of 
pumping engine foundations, but as it cannot always be 
reached within a reasonable distance, it is extremely important 
to determine what course can be safely followed under other 
and less desirable circumstances. For example, where reason- 
ably tough or strong soil overlies rock to a depth of from 12 
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to 15 ft. below what would be suitable for the building founda- 
tions, but where it would be preferable to have if possible the 
support of the rock for the engine foundation, it is quite prac- 
ticable to excavate small circular or square pits through the 
soil and down to the rock, these pits being dug one at a time 
and filled with concrete from the rock up to the level of the 
building foundation, and enough of them put into proper posi- 
tion for taking the support of the engine foundation and there- 
by transmitting the weight and pressure of the machinery and 
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its foundations directly to the rock without interfering with 
the stability of the building walls. fSeo I-'ig, ()4 and Fig. (j.").l 
It is quite practicable to follow this nicthod, oven wlicro the 
soil is not so very firm, by first sinking fiilx's or caissons made 
of steel or iron plates, carrieil down to llic rock and afterwards 
filled with concrete. The result of these- methods, either with 
or without the caisson, is to support the engine foundation upon 
concrete piles or columns, reinforced by earth. 

Such a case is recalled to mind whtire the pumping station 
had to be located about .3(X) ft. from the river inlge, and had 
been built for the acconuncKlation of two horizontal engines with 
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space left for two more, the engine room being oblong and the 
engines placed crosswise. The foundations for the machinery 
had been built upon the same soil as the building walls, a mix- 
ture of sand and gravel. The weight of the horizontal engines 
was quite moderate in proportion to capacity, but rather evenly 
distributed, and incidentally had the advuitage of great area 
of foundation bottom in proportion to the we^t of the 
machinery, the weight upon the foundation bed not exceeding 
400 lbs. to the square foot. This light load had probably not 
been sought for, but was purely incidental to the shape, djmen- 
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Mon'', weight, and disposition of the machinery. These two 
engmes had been in service long enough to have the gross 
demand-- for water increase until it very nearly equaled their 
combmed capacity. 

After it had been decided to increase the capacity of the 
station an investigation of ail the circumstances resulted in a 
recommendation to utilize the remaining space in the builcing 
by putting in a vertical, triple expansion, crank and fly-wheel 
engine, equaling the combined capacity of the two original 
machines. Fortunately, for architectural effect, the building 
had been made rather lofty for the accommodation of horizontal 
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bery, so that by going down to a considerable tiepth Tor 
foimdHtions, the proposed new vertical engine would jusst about 
Bt the case. The floor in the reserve portion of tlie building 
was removed and excavation commenced. There was a base- 
ment to the building, and the foundation of the walls extended 
a few feet below the basement floor. It was found by souruling 
and boring thai there was bed rock about 20 ft. below the bajie- 
inent floor and practically level beneath the location of the pro- 
]Mjped new engine, and it was also found that the upper surface 
of the lower flat portion of the engine foundations would have 
to be at the level of the bottom of the building foundations. 

It was soon ascertained that the underpinning of the building 
walls would be pretty ex[)enBive, and it was, therefore, decided 
that 4 ft. would be thickness enough for the bottom portion of 
the engine foundation, and under the circumstances 4 ft. was 
considered to be the safe limit of depth to go into the soil below 
the level of the building foundations. This would leave about 
11 or 12 ft. of soil, more or less uncertain in quality and expo- 
sure to saturation, between the bottom of the engine foundation 
and the rock. After looking the matter carefully over, the con- 
clu^on was reached that the best plan would be \x> sink a 
number of wells, alwut 4 ft. square, down to the rock and so 
provide solid concrete supports between the rock and the 
bottom of the engine foundation. This was successfully carried 
out, although in some of the holes it was nec&saary to place 
aheathin^ of plank with cross bracing, to safely support the 
soil while the concrete pillars or piling were being rammed into 
place. In all cases where the sheathing was used, the brac- 
ing was taken out as the level of the concrete was brought up, 
but in some of the holes il was found necessary to leave the 
planking in place. The 4 ft. of depth between the top of the 
concrete piling and the bottom of the building foundations was 
protected at the sides by planking and bracuig until the bed of 
concrete was safely ranmied into place. Tlie planking around 
these aides having been placed vertically, waa easily removed, 
and the soil was thoroughly compacted against the sides of the 
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(M)ii(T(»tc. ri)on tliis platen or cake of concrete, 36 ft. long, 
2{) ft. I)r()acl, and 4 ft. thick, forming a large artificial sUne, 
M)li<lly su|)iM>rto(l from the rock and with its upper surface at 
thr l(*v(>l of th(^ bottom of the building foundations, the pier 
for supportiiifi ono riid of the engine Ixniplate at the floor level 
was built. TIh' nvw t^iigine, of 12,(XK).(KX) V. S. gallons capacity 
a^^ainst 2(H) iVct lirad, was on*ctoil hi place and put into service 
without any <»vi(liMi('(» of cnickuig or settlement of the inas^nry 
ap|>(»ariii«: aftiT tlii' lapse* of ni^arly a year, and it is presumed 
that tJH' futuH' will show <'(|ually as well. 

Sninrtiiucs situations art* met with where a yielding soil is 
fouml to ovriTh' tinii p'av(»l, hard compact sand, hard pan or 
rork with tin* u|)prr material too dec^p to fwrmit of excavation 
flown tj) thr firni niat<Tial or to carrv down concrete column? 
as ahrady rrfrrrrd to. In such cases timlxjr piling may be 
rrsnrtrd In with su('c<'ss. provided the harder material can be 
rracluMJ liy the hiwrr (Muls of tli(» piling, and through such 
su I (ports, aided l)y tlir compact (m1 earth around the piles, a satis- 
lactorv foundatinn mav Im» secured. But where the soft mate- 
rial is >n deep that a hard bottom cannot l>e reached by the 
lower end< nf the |)ijes nothin*: but the most urgent necessities' 
>hniild |)eiiiiii ihe locati(»n j)f pum|)ing mac*hinery in such a 
place. ( )f course the compactiui: of the soft earth l>etween the 
piles will lake j»lace. and a comparatively homogeneous mass 
\Nill re>-iili, bill iln)uu:h the individual piles will Ih} little liable 
t«» sink, the en I in- nia>s as a whole will Ik» likely to settle in the 
c<iui-e (if time, ''"his may not be particularly injurious to a 
luiildinii or In a dea<l load, but entails a good many risks to a 
live iini\in;r Inad. like a pumj)ini: <>r a power engine, risks which 
liarl belter not be taken. Such things are occasionally done, 
but thev are -irtJinilv advised ai!;ainst. 

If pilini: mu<l be res(»rted to. the situati(m of the machinery 
in a particular spot makini: such a location very im|)ortant, 
and the use of ]»ilinii: a secondary matter, es|x^cially if a hard 
bottom can be read km I by the lower ends of the piles, these 
should be placed ordinarily with about 2\ times the diameter 
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the pik- between centers. The tops should be sawed off 
to a imiform elevation, and, if necessary, capped with a grill 
work of tinil)er, sortie arrangement of heavy planking or other 
device deemed best for Ihe situation, although too much tim- 
ber work should he avoided on account of the changes which 
more or less dryness or dampness of wood may occasion; it 
being remembered that these changes come laterally, but as 
a rule not at all lengthwise of the limber. Then a bed of eoii- 
cretf from ^ to 6 ft, in thickness, covering the entire surface 
of tlie tops of the pihng and the timber, will provide a sub- 
stantial l)ed ujKjn which to build the engine foundation. Some- 
times where the conditions permit, concrete is placed over 
anil around the heads of the piling without the intervention 
of the grill work or planking, and, where possible, this method 
is to be preferred on arcount of the absence of cliances for 
cross shrinkage of the timbering. 

Of course tlie walls of the building should l>e firmly supjjorted 
U[xm piles, if necessary, but independently of the foundation 
Ix'd for the machinery. No special rules or directions can be 
.■^ifety given for such work, for the simple reason that when 
the situation demands such treatment of a foundation, this 
U evidence enough that each ciise should be considered by 
it«elf. The conditions are loo variable and uncertain for 
hatity conclusions in the absence of a full knowledge of all 
the facts, The safe load upon piles of 12 inches diameter at 
the top, when driven in firm soil and without the bottom rest- 
ing upon hard pan or rock, should not be reckoned at more 
tI5 to 18 tons per pile, with a dead load, and not more 
8 tons with a live load, like a steam engine at work, 
thonties differ as to the safe load that may be placed 
earth foundation beds, and give all the way from I ton 
to 4 tons per square foot, but mostly still loads are referred to. 
S<» far a.>i the writer is concerned however, where permanent 
and lasting results are looked for, with smooth and economical 
working pumping engines, the limit Ls put at 1,000 lbs. i)er 
, ft,, and preferably SOO lbs. for the machinerj-, and 3,000 
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n)s. for the building walls of the pumping station, when Ik 
bed L< the best of earth. An equally distributed presBure ii 
to l)e carefully sought after and, in the absence of a rock bed 
or its equivalent, it 'u^ well worth the while to pay particulv 
attention to the uniform distribution of the pressure. 

.\s to the matter of material for engine foundations, after 
the (juestion of lx»d has been properly decided, a concrete 
lx)ttoin. then the foundation piers of hard burned brick, with 
fH'iinite. limestone, or hard sandstone anchor bolt stones and 
cap stones will give as good results as any, and better thaa 
most other materials or combination of materials. Tliere 
is .1 gn»at a<lvantage in brickwork because brickwork can be 
lai<l up closely, aiwl true to the required form, with full mortar 
ImmIs and joints, lliis material will knit together and make 
a very manageable and practical construction; and when good 
hard brick is laid in Portland mortar of proper richness, not 
t<M) rich, say 1 cement and 2 of sand, there Is nothing more 
to Im» <lcsire<l in lh(» way of solidity. 

It is not al)solutely necessary to ase cap stones, althou^ a 
\ycttvT piece of work can Ix* done when cap stones are used, 
hut there should 1> something in the line of washer stones 
when* i)Ockets for the bottom ends of anchor bolts are arranged 
to 1m» gotten at wh(»n desired. But a brick foundation can be 
built and finished off smooth enough on top for the setting 
of machinery, if \\\o vap stones are considered as adding too 
much to the co^t of the work. In this case the heavy castings 
would Ix* lev(»l(Ml up correctly, and then cement and sand grout 
run under them. A thin mortar of 3 parts cement and 1 
part sand will mak(» a vtTv satisfactory grout and it should 
Ik» ma<le pretty rich with cement to make certain of its running 
proiKTly under the castings. There should be a liberal space, 
siiy 2 inches, lK*twe(»n the castings and the brickwork so as 
to make a solid IxmI of grout and avoid all chances of the 
spjice not filling, as would likely be the case if a thin sheet 
of grout should 1k» attempted. If the grout is not pretty 
rich, say 3 cement and 1 sand, it will not flow well, because 
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Jie ceraent will take up and follow the water, wiiile it tJiere 
be too much sand in the grout, it will settle before the mixlure 
reaches well under a largo casting. Probably 4 ft. i.>* alKnit 
the limit to which grout can be properly run from any one 
point; so where it is known beforehand that grout is to lie 
used, provisions should be made for pouring from several 
places about the casting. Tlie writer observed recently where 
some large horizontal engines were being bedded, on top of 
brick foundations, that rather heavy cement mortar was being 
rammed and packed beneath the castings by means of wooden 
paddles, the casting being supported the meanwhile upon 
s; the space underncatli thfese castings was about IJ 
) and the work seemed to l>e progressing in a very satis- 
Ktory manner. 

I The matter of concrete is a very important one, and a strong 
mpact mixture should be made for engine foundations, 
hclher the entire foundation is made of concrete, as is some- 
times done, or whether the lower part or bed only is formed of 
this material. The best working mixture for concrete for foun- 
lations or for work about water, such as core walls, and similtu- 
"ork pertaining to dams, reservoirs, gate houses, etc., is in the 
friter's opinion I part Portland cement, 2 parts sand, and 
I parts crushed stone. Such a mixture will fiU the voids com- 
letely and make a close grained, solid artificial stone as may 
B seen from the foUowing : 

If a wooden box is made, of one cubic yard in measurement, 

or 36 inches long, broad, and deep, ita cubical contents will 

be 36 X 36 X 36, equal to 46,656 cubic inches. And if a perfect 

^bjobe of stone with a iliameter of 36 inches is placed in such a, 

^Box, of course it would touch the top, bottom, and the four 

^Wdes. The cubical contents of the globe would be the cube 

^^H the diameter multiplied by tlie decimal 0.5236, or it would 

HL 36 X 36 X 36 X 0.5236, equal to 24,429 cubic incJies. The 

^^inpty space will then be the difference between these two 

quantities, or nearly 48 per cent or say practically one half 

solid and one half space or void. 
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If gIol)es 3 inches in diameter were placed in the box, thai 
will l)c 12 ^olxjs each way for 12 layers, or 12 X 12 X 12, 
to I,72S of the li inch globes. The cubical contents of 
of the A inch glol)es would I>e 3 X 3 X 3 X 0.5236 or 14.1311 
cul)i<* inches, whidi multiplied by the number of 3 inch gkibe^ 
1 ,72S, will give 24,421> cubic inches or the same as with th 
single* glolx* of 30 inches diameter. This of course means that, 
what(»ver the size of the glolws, the nsult will be that there 
will Im' |>ra(*tically half solid and half space or voids. 

(Vushc<l stone is not as regular as the globes just refentd 
to, but the irreguhiriti(*s amount to about the same thing 
fitting together in some places and holding apart in othm, 
so that tak(^ it altogether the rule of half solids and half voids 
will hold good. ThtTefon* wh(»n the cubic yard box is filled 
with crush(»d slon(\ there will Iw room for half a cubic yard 
of sand in tin* s|KU*es l^'twtH'n the aton(*s; and again, after the 
sand is in plae(\ there will Ih* room for half as much cement in 
the spac<'s hetw(M»n tlu* wmd grahis, or a quarte^r of a cubic 
yard for cement. As S ordinary cement bam'ls full of crushed 
stone will make a cubic yard, then^ will l)e 4 barrels of sand 
an<l 2 barrels of cc»ment in the mixture, or 2 cement, 4 sand, 
and S ston<»; or, Jis at first givi^n, 1-2-4 for the best and strongest 
mixture for concrete. This cannot !)(» carried out as exactly 
a< the globes indicate, but th(» barn*! measurement given above 
will answer all practical |)ur|M)S(»s. 

To show liow closely the sand will follow the same law as the 
crushed stone, it may b(» assumcMl for the purpose of calcu- 
lation that the sand grains are globes one fiftieth, 0.02, of an 
inch in diametcT; IIhmi 0.02 X 0.02 X 0.02 X 0.5236 will equal 
O.fKKKKMISSS of a cubic inch iis the cubical cont(Mits of a grain of 
sand. At onr; fiftieth of an inch diameter there will be 1,800 
grains e/u'h way in the 3(5 inch lx)X, which will make 1,800 X 
1,8(K) / 1,.S(K) or r),S32.(KX),000, which multipli(Hl by the cubical 
contt'nts of eiich grain will give 24,429 cubic inches, as before, 
as the* solid cont(»nts of a cubic yard of sand, leaving about 
half a cubic yard as voids if the box containtxl only sand. 
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Jnginp foundatioas arc sonietinioa built of stone, but un- 
less of cut stont' or at leai?t of dn-astyi stone with true beds aiid 
jointfi, this material is nolliing like so good as brick. Rubble 
stone for such work is very objectionable, unless a good deal 
of dressing of the stone is done, and this woiUd not pay in the 
abst-nce of very cheap niateriaJ. Rough, thick beds and joints 
in a foundation for supporting a live load are not to be com- 
mended at all; they are likely to lea«i to trouble with the 
machinery. Rubble work when put in with reference to core 
walls and like work, where it can be made water tight but 
practically supporting no load to speak of, is very acceptable; 
but for pumping engine foundations il should be avoided. 

Concrete foundations are coming more and more into use, 
and some very well appearing work has bef-n done in this 
line, althou^ for general work, if the truth were known, when 
proper materials and mixtures are employed, the cast of forms 
is considereil, etc., the price per cubic yard will go above brick- 
work trimmed with stone, and would be a useless expense. 
There has been a sort of fad on concrete of late years, but it 
will eventually settle into its proper place and like all other 
good things play its allotted part of usefulness. It is ex- 
celli-nt for subfoundations where no special or exact form is 
needixl, and where it can be ranimed into place and brouglit 
up to some general level, to build the regular foundation upon; 
hut is not desirable for the upper work in important plants 
unless special reasons exist for its use. 

Large, vertical, self contained pumping engines resting upon 
a l>ottom or sole plate, extcndmg beneath the entire mat-hine. 
need nothing more than a flat layer of concrete underneath, 
olthou^ the concrete should be bedded on rock or have some 
equivalent support; and in such a situation there is probably 
nothing better than concrete, and considering the dilhcultics 
often met with in the lower parts of such work, possibly it 
JBtlie least costly construction that can be employed. 




CHAPTER XVI 

INVESTMENT VALUE OF PUMPING ENGINES 

These tables exhibiting the inveBtmoit value of pumping 
plants containing various tjrpcs and classes of pumping engines 
with adequate boilers, are based upon data which are c(»iaid- 
ered to bo such as will show practical conditions in the avenge 
run of plants in actual use in water works service. Of ooune 
it is impossible to make a schedule which will hit aU plants; 
but the water pressure given will be found to be a safe basis 
for calculations, and althou^ a little higher or a little lower 
pressure will vary the actual figures for power and fud, the 
r(^lations will not change much under the same conditions. It 
will bo safer to consider any particular case by itself, but 
the tables will indicate closely approximate results. The data 
of the ishlvs are as follows: 

Numl>er of days for u year's work 3S5 

Nunil)er of Iioufh of pumping each day 16 

Number of watcheH each day 2 

Length of watches in hours 8 

Pay of operating cnginecni per year $1,200 

Pay of firemen per year 000 

Pay of extra men per year SOD 

Maintenance account of engines 3% 

Interest account of engines 4% 

Sinking fund for vertical triple engines 3% 

Sinking fund for all other types of engines 5% 

Oil, waste, packing, and small repairs 1% 

The calculations in the following tables are based upon a 
fair average price for machinery, foundations, and appurte- 
nances, together with boilers and their appliances. Also upon 
an actual evaporation in the boilers of 8 lbs. of steam pro- 
duced at the working pr(^ssure with one pound of coal; also 

210 
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I a price paid for the coal of S3 per net ton of 2,000 lbs. 
in the fire room ready for firing; also upon a total water load 
upon the plungere of 90 lbs. per square inch, or a total work- 
ing head of 207 ft., including tiuction and friction of the water. 

The desire is frequently expressed by interested parties; 
for a sort of schedule or rate of cost or price of pumping engines ; 
but it is a very difficult matter to make a list of such costs 
which at any certain time will be reliable beyond an approxi- 
mate guide for estimation. In fact all prices pertaining to 
8p<;cially defined contracts are more or less fickle and change- 
altli^. Al»ut January, 1899, prices of all sorts of materials 
began to rise, and by 1901 were at a point higher than for sev- 
eral years. In the spring of 1904, a downward tendency devel- 
oped and coke ovens in western Pennsylvania were shut down, 
pig Iron began to decline, Portland cement fell decidedly off 
in price, steel products were lower, cast Iron water pipe was 
at $23 per ton. and a general fall in prices threatened. But 
by the autumn of the same year (1904) the drooping markets 
again strengthened and have advanced steadily since, until 
now, January, 1907, cast iron pipe is above $30 per ton, steel 
products are high and hard to get, and orders are booked for 
a year aliead. 

In 1900 the city of Cleveland rejected all bids for pumping 
machinery at an attempted letting at that time, because the 
price.s asked were so high as to seem prohibitive ; and the needed 
,- was bought two years later at lietter figures for the 



ised upon the low figures of 1896, the writer has a record 
bids on pumping engines per million gallons, varying from 
J bottom upwards, as follows: 

. Boiiom figures of 1806, represented by 100% 

, Later figure 137% 

. Still later figures , 118*^ 

, Comparatively recent figures 155% 

> it will be observed that about the best attempt can only 
alt in ft fair average "subject to change without notice," 
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according to the labor and material markets, and also depend- 
ing upon the state of the shops bidding upon the special woik 
in question. When a shop is ''hungry for w<M-k'* bids will be 
low; and when the shop is "full up with work" bids i^ill be 
high. All shops do not strike the tide at the same stage al 
the same time, and hence a certain amount of "irregularity" 
in th(^ market with a strong or a weak undertone as the ca<« 
may be according to the time. 

A fairly good guide for complete plants is given herewith 
which is sufficiently close for preliminary estimates, but con- 
ditions should be looked into carefully for exact estimates. 
In some actual cases these figures may be a little too hi^ 
and in other cases too low; but they are closely approximate 
and enough of them are based upon records to fairly insure 
the table as safe for practical use. In fact, the table is so 
clase that it would be taking chances for a contractor to guar- 
antee the production of results for the figures named, without 
investigating each case by itself. The work contemplated is 
for the -best type of triple expansion pumping engines and 
high pressure boilers, a good design and quality of brick build- 
ings, or of ston(» where stone is cheap, steel trussed and slate 
cov(Ted roofs, miequate chimneys, properly proportioned and 
thoroughly screi^ned intakes. The cost given includes every- 
thing excepting the land. 

Cost of complete pumjung stations. 



PorNDB PRRMrRR 


COKT PER MlLUOir 


PKK SgrARB lN( 11 OF 


Gallons of Plaht Ca- 


THK WATKR Ix>AI> 


pacity, INCLDDIXO 


WOKKKI) A«iAINHT. 


A Rkmkrvb. 


'M) 


$ 6,750 


40 


7,000 


50 


7,250 


GO 


7,500 


70 


7,750 


80 


8,000 


90 


8,250 


100 


8,500 


110 


8,750 


120 


9,000 


130 


10,000 
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There are cheaper types of pumping engines, but they are 
necessarily of lower eflSciency, and therefore requiring more 
boiler capacity, more coal storage, and other incidentals which, 
when balanced up, will tend to keep the figures about the same. 
A cheaper and less durable sort of building may be used, but 
in the long run this will call for more repairs, which when capi- 
talized will bring the account fully back to the above figures, 
and most likely exceed them. 

The following series of tables show the cost of installation, 
miuntenance, operation, repairs, etc., of pumping engines com- 
plete with piping, foundations, appurtenances, etc., within the 
engine room ready for continuous operation in service. Also 
the cost of the necessary boiler plant within the boiler house, 
including stokers, setting, feed pumps, all piping and appur- 
tenances complete. The figures do not include anything for 
buildings, land, chimneys, wells, etc. 



Cost of ptimpiiig engines complete, with foundations, piping, and appur- 
tenances, per million gallons per 24 hours capacity. 

Compound condensing, low duty $2,300 

Low duty triple condensing 2,800 

High duty, compound horizontal, condensing 3,300 

High duty, vertical triple, condensing 4,800 

Coat of boilers with stokers, setting, feed pumps, and appurtenances 

complete. 

Per boiler horse power $20 

Maintenance account of boilers 5% 

Interest account of boilers 4% 

Sinking fund of boilers 5% 
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Table ■bowing tha cspttdtj per 34 bmm, doty pw i,ao» lb*. «< ■tMm, 
Muned per boor, nnmber ' ' * 

., and boiler boise power. 



Compouml CondtnaiTig Loic Duly Pumping Engiuei. 


UHHCirACITT 


DCTY IW 

Foot Pduiim 


STmAv Con- 


Mdhbkb 


Fl«- 


■iiHf 


BaamaicD 


» Km"». 


POITIIDa o» 

Btbam. 




^^ 






Po*»». 


3.000.000 


50,000,000 


4.276 


2 


2 





150 


4,1)00,000 


55,000,000 


5.184 


2 


2 





175 


5.000,000 


60,000.000 


5,940 


2 


2 





200 


6,000,000 


60.000.000 


7,128 


2 


2 





250 


7,000,000 


65.000.000 


7,676 


2 


2 





275 


8.000,000 


65.000,000 


8,772 


2 


2 





300 


10.000.000 


65,000,000 


10.966 


2 


2 





375 


12,000,000 


70,000,000 


12.269 


2 


4 





400 


15,000.000 


70.000.000 


15,336 


2 


4 





500 


Triple Condmtiag Low Duly Pumpinff Eiifinet. 


3,000.000 


75,000,000 


2,851 


2 


2 


100 


4,000.000 


80.000,000 


3.564 


2 


2 


125 


5.000.000 


85,000,000 


4.194 


2 


2 


150 


6.000,000 


f3.000,000 


4,752 


2 


2 


175 




5,000.000 


110,000,000 


3.240 


2 


2 





100 


6,000,000 


112,000,000 


3.819 


2 


2 





125 


7,000,000 


114,000,000 


4,337 


2 


2 





150 


8,000,000 


116,000,000 


4.916 


2 


2 





175 


10,000,000 


119.000,000 


6,990 


2 


2 





200 


12.000,000 


122.000,000 


7,011 


2 


2 





250 


15,000,000 


125,000,000 


8.554 


2 


2 





300 


Tnple Condensing High Duty Pumping Ervima. 


6,000.000 


140.000.000 


3,050 


2 


2 





100 


7,000,000 


14.5.000,000 


3.442 


2 


2 





125 


8,000,000 


150,000,000 


3,802 


2 


2 





125 


10,000,000 


155.000.000 


4,597 


2 


2 





ISO 


12.000.000 


100.000.000 


5.348 


2 


2 





175 


15.000,000 


165,000.000 


6,480 


2 


2 





200 


20,000,000 


170.000.000 


8,388 


2 


2 


2 


275 


2-^.000,000 


175.000,000 


10.179 


2 


2 


2 


350 


30,(HJO,000 


180,000,000 


11,8«0 


2 


4 


2 


400 
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^^^Cut of pumpJDg plantB iacludiiig pumping engines end boilers, ^^| 










Compouml Canderiaing Low Duly Pumping Engines. 






Pum-iKO 


BoJLK»» 






MII.U01I Galluhi nK 




Skttiiiu! 

PiriKO AXD 


TUTAL COST. 




3.000.000 


S 0,900 


S 3,000 


S 9,900 




4.000,000 


9.200 


3,500 


12,700 






.5.000.000 


11,500 


4,000 


15.500 






0.000.000 


13,S00 


5,000 


18,800 






T.OOO.OOO 


16,100 


5,500 


21.600 






8.000.000 


18,400 


6,000 


24,400 






10,000,000 


23,000 


7,500 


30,500 






12,000,000 


27.600 


8.000 


35,600 






15,000,000 


34,500 


10.000 


44,500 




THplt CoTtdenting Low Duty Pumping Engines. 


3,000,000 


% 8.400 


•2,000 


SI0,400 




4,000,000 


11,200 


2,400 


13,700 






5,000.000 


14.000 


3,000 


17,000 






6,000,000 


16,800 


3,500 


20,300 






5.000.000 


SI 0,500 


S2.000 »1 8,500 




6,000.000 


19.800 


2,500 


22,300 






7.000,000 


23,100 


3,000 


26,100 






8,000,000 


26.400 


3.500 


29,900 






10,000,000 


33,000 


4.000 


37.000 






12,000,000 


39,600 


5.000 


44.600 






15,000.000 


49,.W0 


6,000 


55,500 




TripU Condensing High Duly Pumping Engines. 


6,000,000 


S 28.800 


12,000 


1 30.800 




7,000,000 


33.600 


2.500 


36,100 






8,000.000 


38,400 


2,500 


40,900 






10,000,000 


48,000 


3,000 


51,000 






12,000,000 


57,800 


3,500 


61,100 






15.000,000 


72,000 


4,000 


76.000 






20,000,000 


96,000 


5,500 


lOL.'JOO 






25.000,000 


120,000 


7.000 


127,000 






30,000,000 1 144,000 


8,000 


152,000 




1 


^(^^■■J 
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Table showing ooct of coal per year lor i6 honn pumping par day, w*^*«tt- 
nance, interest, sinking fund, oil, waste, packing, imall repairs, etc^ for 
the pumping engines, wages per year for operating the boilers and piin^ 
ing engines, and the sinking fund, maintenance, and intereat of the boiler 
plant The last or right hand colnmn shows the coat of pumping per 
million gallons. 



Compound Condetuing Law Duty Pumping Engines, 






MAnrrs- 












MAXCB. 




Maintv- 




Capacity of 


Cost op 


l!CTBRBtT, 


Wages 


ITAMCB, 


Goer OP 


Pdmpixq Enoixks 


Coal per 


SiNKnio 


IlTTBRBST, 


PvMPuro 


PER M Hours ik 


Year op 


Fund, Oil, 


PS la 

Year. 


Sinking 


PBR 


U. 8. Gallovb. 


366 Days. 


Waste, 


Fund, or 


Million 






Packivo, 




BOILEK<». 


Gallons. 






Etc. 








3,000.000 


$4,687 


$ 897 


$3,600 


$ 420 


S13.15 


4.000.000 


5,672 


1.196 


3,600 


490 


11.26 


5,000,000 


6,504 


1.495 


3,600 


560 


9.99 


6,000,000 


7,807 


1,794 


3,600 


700 


9.52 


7.000,000 


8,410 


2,093 


3,600 


770 


8.03 


8,000,000 


9,600 


2,392 


3.600 


840 


8.44 


10,000,000 


11.913 


2,990 


3.600 


1,050 


8 07 


12,000 000 


13.320 


3,588 


4,800 


1,120 


7.81 


15,000.000 


16,784 


4.485 


4,800 


1.400 


7.75 


Triple Condensing Low DtUi 


f Pumping 


Engines, 




3,000,000 


$3,118 


$1,092 


$3,600 


$280 


$11.08 


4,000,000 


3,907 


1,456 


3,600 


350 


9.57 


5,000,000 


4,590 


1,820 


3,600 


420 


8.57 


6,000,000 


5,203 


2,184 


3,600 


490 


7.85 


Compound Condensing High L 


hUy Pumpi 


ng Engine* 


1. 


5.000,000 


$3,556 


$2,145 


$3,600 


$280 


S7.85 


6,000,000 


4,161 


2,574 


3,600 


350 


7.31 


7,000,000 


4,800 


3,003 


3,600 


420 


6.94 


8,000,000 


5,379 


3.432 


3,600 


490 


6.62 


10,000,000 


6,550 


4.290 


3,600 


560 


6.19 


12,000,000 


7,665 


5,148 


3,600 


700 


5.86 


15,000,000 


9,355 


6,435 


3,600 


840 


5.75 


Triple Condensing High D\ 


uty Pumpin 


g Engines. 




6,000,000 


$3,285 


$3,168 


$3,600 


$280 


S7.07 


7.000,000 


3,766 


3.696 


3.600 


350 


6.70 


8,000,000 


4,161 


4,224 


3,600 


350 


6.33 


10,000,000 


5,028 


5,280 


3,600 


420 


5.91 


12,000,000 


6,025 


6,336 


3,600 


490 


5.64 


15.000,000 


7.096 


7.920 


3,600 


560 


5.45 


20,000,000 


9,180 


10,560 


4.800 


770 


5.22 


25,000,000 


11,142 


13,200 


4.800 


980 


4.95 


30,000,000 


12,999 


15,840 


6,000 


1,120 


4.92 
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Tible Ehoning opposite the rated capacity of Ihe different engines, the 
gallons which would be pumped per fear at full speed and constant 
pumpage. Also showing the gallons per year with a pumpage of i6 
hours per day. The latter rate taken as a fairly good average far 
water works plants. The figures show U. S. gallons. 





Om-*iitv ..rrin- P.-Mrixo 


CAfAr.TV OF tH. P.T««1,Q 


I'lTBrwI-.'l&uriiM ™ 


Wub'kinu'm"hou^ 


'w2i«Mo'' 18 Ho"uR» 




ma Dai. 


PEB D*V. 


_ 3,000.000 


l.OttS.OOO.OOO 


730,000.000 


K 4.000.000 


1.460,000,000 


973,000,000 


■ 5,000.000 


1 ,825,000,000 


1,217,000,000 


■ «i,0O0.O00 


2,190,000,000 


1,460.000,000 


v r.ooo.ooo 


2,555,000,000 


1,703.000,000 


S.OOO.OOO 


2,020,000,000 


1,947.000,000 


10.01)0,000 


3.6.50,000 000 


2,423.000,000 


12.000,000 


4,380,000,000 


2,920,000.000 


1.1.000.000 


.S,275.000.000 


3,517.000.000 


20.000.000 


7.300,000,000 


4,868,000.000 


M.(K)0.000 


». 125, 000.000 


6.083,000.000 


30,000,000 


10.950.000.000 


7.300,000.000 



The first thing noticeable in theae tables is that tlie coat of 
pumping ptT million gallons, all expenses includeil, gradually 
decreases from the smallest engine of the low duty compound 
condensing class, to the largrat of the high duty triple expan- 
sion clas.s. And this decrease is brought about partly by the 
gradual increase in economic duty and partly by the increase 
in capacity: some of the charges per million gallons being 
directly affected by the increaije in capacity, as, for example, a 
5,000,000 gallon engine requu-es jiractically as nnich per annum 
for the wages of the men as a 10,000,000 gallon engine; and. of 
courae, twice the water is pumped with the latter as with the 
former which cuts the expense for wages in halves, per million 
gallons. And, further, a higher duty reduces the coal account 
and the fixed charges against the boiler plant per million gallons. 

IJut the cost per million gallons does not tell all of the story. 
B(M^aufic the total cost in money for pumping all of the water 
j)er annum, altliough lower per million gallons, may not be 
enough less total per annum, with an engine of higher duty 
juul of higher first cost to justify tlie extra investment. Plants 
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tion instead of economy in first cost; the total smii of all 
expenses being less with the plant of higlier first cost. There- 
fore, the lowest investment or cost for the plant being the first 
thing to consider, and the fact that valuable inducements 
must be offered to bring a higher cast plant into favor, it fol- 
lows that the low duty engines must be the basis for compari- 
son, and the starting point for more desirable developments. 

So far as these tables are concerned, and the conditions, 
values, pressures, powers, and quantities which they set forth, 
any plant costing more than the regular low duty, compound 
condensing plants here shown, must show itself capable of 
saving enough money by economizing coal to pay the different 
items enumerated, to the extent represented by the increased 
eOHt of the higher duty and higher priced plant. 

To illustrate this idea it may be noted that the fixed charges 
against the machinery and boilers are as follows: 

Vertiad. Triple K-ipanawn Pumping Engines. 

Mainlenance account 3% 

Interest account 4% 

Sinking fund account 3% 

Oil, waste, packing, and small repairs 1% 

TotsI fixed charges 11% 

All other type' of Pumping Enginen. 

Hkintenance account 3% 

Interest account i% 

\ Sinking fund account 5% 

"'., waste, packing, and small repairs 1% 

Total fijted charges 13% 

P Note. — The reason that tbere ia a difference of 2 per cent made in 
the sinking fund account, between vertical triple machinery and all 
other forms, is that it has become evident that the vertical triple type of 
pumping engine represents just about the limit of possible steam economy, 
and therefore the vertical triple type will probably not be replaced as 
obsolete by any of the other types in the tables, but the other types will 
eventually give way to the vertical triple machinery. Under these 
eircumsCBnc«B the life of the vertical triple when properly built is taken 
at 33i years, and that of all other of the types given at 30 years; repre- 
senting, respectively, 3 per cent and S per cent to make up the sinking 
fund to 100 per cent in the times specified. 
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Th*- lixH charges against the boiler plant are as foUows: 

MAinte&ADce account 5% 

Interest accouni 4% 

Sinking fund account 5% 

Total fixed char««^ 14% 

To make an a|.ipIication of the tables to an actual case, let us 
take for t xaniple a 6.000.000 gallon plant, as that ciqiacity 
apfN-ars in all oi the tj-pes and cla:«ies. 

The total iMKt of the diflfervnt plants, including boilers, appeals 
a< fullow> : 

Li.iw duty compound $18,800 

Low duty triple 20,300 

High duty cumpr»und 22,300 

Hi£h duty triple 30,800 

Tlie total cost for o|M'ratinj; |xt annum appears as follows: 

Liiw duty ciiin{t<»und $13,902 

Low duty triple 11,477 

Hif^h duty <i>mp<iund 10,685 

Hif^h duty triple 10,333 

li<*^iiiiiiii«r the coinparisi^n from the low duty compound, up 
to the low «luty trip!*', it is found that the difference in yearly 
cost of owninjr antl operating is 2.425 in favor of the low duty 
triple: and a< the difference in cost of plant Ls Sl,500, and 
I'i prr rent I'the fixed chargi') of this difference amounts to 
$105, it is clear that a saving of 82,425 per annum will justify 
the us(» of a low duty triple against a low duty compound plant. 

\ow goinjr still further up the line, and figuring upon a high 
duty cornpouMd. it will 1h» found that the difference in yearly 
cost U'tween th(» low duty triple and the high duty compoimd 
amounts to $720 in favor of the high duty compound; and as 
the difference in cost of plant is $2,000, and as 13 per cent (the 
fixe* I char<:e; of this latter amount is $260, there is a balance 
of $502 per annum in favor of the higli duty compound. 

In making the comparison directly between the low duty 
compound and tlu* high duty compound, the difference in cost 
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r annum and its conimercial effect is fitiU more striking. The 
differenco in cost between these two latter plants amounts to 
$3,oOO against the high duty compound, liut the difference 
in annual expenses amounts to $3,217 in favor of the high duty. 
Then as the fixed charge of 13 per cent on t!ie difference in 
cost of plant is only $455 there, ia a profit of $1,762 per annum 
between low and high duty compound plants. 

Going still further up, to the high duty triple, it will be found 
that the difference in yearly cost between the high duty cotii- 
pound and the high duty triple amounts to $352 in favor of 
the high duty triple. The difference in cost of plants is $8,500, 
but as the 1 1 per cent fthe fixed charges for high duty triples) 
amounts to $935, or $583 against the high duty triple per annum, 
it appears that with 6,000,000 gallon engines against 90 lbs. 
water load, and with coal at $3 per net ton in the fire room, 
tlie high duty compound will be the most profitable plant to 
buy and use. 

The high duty triple would have only $11 per annum against 
it when compared with the low duty triple: and the high duty 
triple would have $2,249 in its favor per annum against the 
low duty compound, with the fixed charges of II per cent 
against the high duty triple. 

Therefore, under the conditions g^ven in the tables, the 
0,000,000 gallon high duty triple with its boilers would be 
much preferred to the low duty compound; would be just 
about equal as an investment to tlie low duty triple; and 
would not be so good an investment as the high duty compound. 

A reduction in the price of coal, but with the coal equal in 
quality to the $3 fuel, the advantage would change towards 
the lower clas.ses of engines, and with the coal at a higlier price 
than $3 the changes would be in favor of the higher classes 
of engines, 

Ttie low duty compound pumping engines above 2,000,000 to 
3,000,000 gallons daily capacity have been practically retired 
from the water works field, or should be so far as a desirabtt' 
invegtment is concerned, and the introduction of the low duty 
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triple has even made the smaU compounds of extremely doubt- 
ful utility when any reasonaUe economy of investment and 
operation is lookeil for. The low duty triple in its turn is 
restricted by the high duty compound at the 5,000,000 or 
6,000,000 gallon capacity, and therefore the low duty triple is 
limite<l at 6,000,000 in the tables. The high duty compound 
disputes the 6eld with the high duty triple from 6,000,000 gEdlons 
to 10,000,000 gallons capacity, according to the cost of the fuel 
used mostly, but aL^ on account of special conditions some- 
times. Above the 10,000,000 gallon daily capacity it requires 
especially a<lverse conditions to bar out the vertical triple 
engine as the best investment in machinery for pumping water, 
all things considered. 

After the 10,000,000 gallon mark -is passed the high duty 
compound commences to meet with difficulties of construction 
with reference to making a reliable and durable machine within 
costs which do not approach those of the triple too closely 
to justify its use. Also, the (luestion of extremes in low and 
high water involving suction lift and flood water, in many 
places, argue against large horizontal pumping engines, it 
being reniernbered that the suction lift measures up to the dis- 
charge valve decks and these lx?come pretty high above the 
floor lino in good sized machines; also the matter of more expen- 
sive building comes in for consideration, giving a basement 
low enough to enable the engine to reach the water easily at 
low stage, which is by far the most prevalent stage, and also 
to have the building so constructed that the machinery will 
be {)rotect(Ml from the flcxxl water when the level rises. It 
does no special harm to flocxl the water ends of vertical engines 
so long as the wheels are alx)ve the water, but the horizontal 
machine is brought to a standstill when the water reaches the 
steam cylinders and moving parts. 

The table of high duty com{X)un(ls is carried up to 15,000,000 
gallon engines for the purpose of making comparisons, but 
as the vertical triple machine has l)een brought to a commer- 
cial basis practically, the vertical iJea in the compound involv- 
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ing as it does more or less special construction, places the com- 
pound at a disadvantage as to cost. The cost of high duty 
compounds given in the tables refers to horizontal machines, 
and as there are only two standard engines of this type, the 
Worthington and the Gaskill, that can be brought within these 
figures unless we go to cross compounds, which have objec- 
tions in the large sizes, and further have not been brought to 
a commercial basis to the degree represented by the two above 
mentioned. There have not been many pumping engines of 
the horizontal type above 10,000,000 gallons capacity built 
in recent years, and it looks as though there would be very 
few, if any, so large built in the future. With coal at $3 per 
ton, the horizontal compound high duty engine can hold its 
own as an all around investment against the vertical triple, 
but the feeling against the horizontal class, with comparatively 
short strokes, and with very large steam cylinders placed in a 
horizontal position, will no doubt bar them out of the larger 
plants. 

Other forms of heat engines for water works, in the forn) 
of the steam turbine pumping engine, which would likely con- 
sist of a steam turbine engine coupled directly to a turbine 
pump, and also the gas engine as a medium for pumping water, 
begin to loom up ahead. But nothing definite has yet been 
accomplished upon a scale large enough to command respect. 
The turbine has a very doubtful future before it, as the pro- 
mises involved in the gas engine question make the latter a 
very formidable competitor at some time in the not very dis- 
tant future, even for the present record holders. 



CHAPTER XVn 

SUCTION LIFT AND SUCTION PIPES 

The water end, or the main pumps of a water w^orks pumpuig 
engine and the proper and efficient action of this portion of the 
machine, are the principal reasons for the existence of the 
apparatus. The operation of pumping water is extremdy 
fiimpel, but there are a few, very few, cardinal or main details 
which must be strictly observed if success is to attend the 
efforts of the pump maker. It is pretty ?afe to say that, aside 
from sufficiently strong construction, the most important detail 
in the operation of pumping is to get the water into the pump 
through its suction valves; and for the simple reason that the 
forw' or pressure available for that part of the work comprised 
in what is called "suction lift" and the complete filling of the 
plung(r chambers, Ls very limited indeed, in fact, limited to 
the comparatively slight pressure of the atmospheric air which 
we bn'athe in our lungs. A great abundance of force is avail- 
able for discharge, or forcing the water out of the pump, but 
the height to which the water may be "lifted" above the surface 
of tli(» well from which it is drawn, and the velocity or speed 
which it can be made to take through the suction pipes and 
pump valves, an absolutely fixed and moderated by a very 
limited amount of force. 

Under normal conditions and with the pump empty of water 
and at rest, the water stands at the levc 1 of th' well supply; 
and the natural air is in the pump and well alike. But the 
moment an attempt is made to displace the air within the 
pump chambers and suction pipe, by the motion of the plungers, 
or by any other means such as driving th' air out of the pump 
by means of a steam or water jet, or by any means whatever, 
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then the natural pressure of the air within the puji-p Vx<:o::.^s 
less than the pressure of the outer air ha\-ing a/cc'-K* to tJ-ifr purup 
well, just in proportion as the removal of the air within tlie 
punip Is carried to completion. 

Under the ordinary condition? of the atmo?=ph'=Te we bnrathe 
and when the temperature is moderate, say from if) to 90 'Jegr^-rr-. 
according to the ordinarj* thennomei^ we are aci^rUTtorr-^-d to 
see every day, the pressure of the air is about 15 \ij^. p^T f^i^utr 
inch; to be exact, with the air at 6r> deerfrf-s v-rr-p^rafji*: at 
sea level the pressure is 14.7 !!>. .\ikJ. if all of tlv- air k n- 
moved by any means from the iiL-ide of ar- air '.izr-t v-.-^J. ar, 
for example, the pipes and chan.bers of a pi::.p. a:.'i -/> that 
the pump is completely empti'-d of air. v.^'Ti t:y- o-;vi^>- air 
will exert a force or pressure erf about 15 ]:>. to t:.': ^^lian- 
inch upon all of the outside surface of Vjf- w^:,jj or -/'-w ] f^, 
emptied, and there will \^ no corr*-spor-dL-:i? ^^r rz&laryrir.^ j/.-^-v 
sure inside of the pun.p or otfifrr v'>.v-3. T:yr»:or*-. i*. fo"-'o'A>, 
that if this outer air is pr^n-^ii^z doT*T. jix/Tj vy- - jr:V:y- of tj>#. 
water in a pump well, which i: i- at sui tl-.v-. ;: v/- air i« 
removed from the inside of :Iv- prr.p. a:.'i :: & :/;/- /y,Mxr't>. 
from beneath the surfac*: of try- "i?iav r :r. tiv- -*' ." to t:>: i;/> ri^#f 
of the pump, then th^ watf-r iz. •.:>: **' IJ '*>:.', r>- fo;':^-d >j/ arid 
throu^ the pipe and into tr.-- j/^v.:. r.y tiv- &t:;y>-p:/ rir; ,^ 
natural air pres«?ure at t}/e oit-i >•. 

This action is perfectly -ati-:V;tor.- ar/j 'y^::.;.> t-f- -o /ar a/* it 
is able to go. But. as al.-^a/iy xy/ir.y: o-v t.v: v./:;/^.- o,;r/.^ 
or pressure of the nat'jrai air :>i:.2 :.r<-': 4,vj ...".. v; -/.n.-n 
certain narrow bound-, ar.d tr>- v..- i^r.t '/ v.;i;v .• •> ,;.;/ >, ./^ 5 ,^ ,j 
and limited in its wizr.t ■*;::.>. '>r^^:. .'.a-:-/., v.,;.-; i\ 
foUows that there i- H^, a iLvit t^ t.v: .v.r* ' 
pressime will fwc^ or "]::t t.v v.iv ; i:. i ;,:;/ -.-: .^ ^w . 
it is within this lirr.it o? :.-i2:.t -..- ..;': *'.h^* v.r. - ^.. • ;;,;.>,vr *,, 
keep when att^mptir^z to --;</>—: ...y ;- - .^1^ v- , v •>.•/ >, :, ,- r, 
ing engine. Thfe a/rtk:. ^: t:/ ;.>:•,.•>-. >,..- ..v;/ v fvvi;,;^ 
water up a pipe or Xii:^ •*:> r. t.v >-.• ...•:..;. •-, ;, ..;.;, .,,- //^^ / 
veasel is remo^-ed or par.A-y r«::.v,v": i> v ';.:.• ;k».y rajid 
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and is generally known by the name of "suction." And the 
word "suction'' is good enough, perhaps, for the purpose of 
expressing a certain action or performance, but in the sense 
of its meaning that the water is drawn up the pipe and into the 
pump, it is absolutely in error and out of place. In fact there 
is no such action as " suction*' so far as it is made to mean the 
"pulling " or "drawing" of water from a lower to a higher level 
by a force situated higher up or at a higher level. The water 
is not drawn up at all by something in front of it. It is driven 
up or forced up by something behind it. And that something 
behind the water is the natural atmosphere or air we breathe; 
and speaking of breathing, the action of a pump is of precisely 
the same nature as breathing; the muscles of the chest and 
pulmonary regions distend or enlarge the chambers and passage- 
ways in the lungs, thus causing a partial vacuum, and thus 
enabling the outer air to force its way into what we call our 
breathing spaces. To illustrate this, let any one place the 
tube of an ordinary vacuum gauge to the lips, close the nose 
and then go through the operation of breathing or drawing 
in breath. The vacuum gauge will at once indicate to what 
extent such muscular efforts are effective. A vacuum from 18 
to 21 inches on a mercury column, or a Bourdon tube gauge, 
may be readily formed by the breathing experiment. The 
attempt to form a vacuum in a pump will be followed by pre- 
cisely the same result; only a body of water being situated 
between the outer air and the inner space, instead of the air 
getting in as in the case of breathing with the lungs, the outer 
air drives the water into the pump ahead of itself, the result 
being that so long as water enough comes into the well to keep 
the water surface above the bottom of the pipe leading into 
the pump, commonly called the suction pipe, no air can get 
in at all, but a constant stream or flow of water will take place 
up the pipe and into the pump. The term "vacuum," as many 
people are more or less aware, signifies a complete emptiness 
and absence of everything, air, vapor, gas, water, and all else 
tha'. we know of. And into a vacuous space any and all gases, 
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atmospheres, or any expansive fluid will endeavor to penetrate 
and flow. A vacuum has no substance or properties of its own, 
beyond the property of complete emptiness, and does not draw 
nor suck nor do any kind of work. It is simply a condition 
which offers a chanee for work to be done. 

The extreme height to which the natural air pressure will 
force or drive up a column of water into a vacuum, is about 
34 ft., which simply means that within a vessel containing 
no air whatever nor anything else, but connected by a pipe with 
a well containing water, a colunm, or head, or height, of water 
of about 34 ft. will just balance the entire pressure or weiglit 
of the natural air i^'sting upon tlie surface of the water in the 
well. The water will go no higher than alwut 34 ft. no matter 
how perfect the vacuum may be, or how large the chamber or 
vtssel may be above the 34 ft. level. This head of 34 ft. of 
water represents a pressure of alxiut 15 lbs. per square inch, 
or, to Ije more exact, a pressure of 14.7 lbs. per square inch. 

Considering the fact that the getting of the wat^r up the 
supply pipe and into the pump is widely recognized by the 
technical name of "suction" it will be expedient ^d conven- 
iint to preserve the expression aiui so this part of the opera- 
tion of a piunp will be so de.signated, the foregoing explana- 
tion that there is no such thing as a pulling action in the suction 
process having been made simply to place the actual facts in 
the case clearly before the mind of the reader and student. 
The practical effect then of suction in a pump is to utilize a 
portion of the 34 ft. head, or say 14.7 lbs. of force to over- 
come the difference in level between the surface of the well 
and the height in the pump to which the water must be "lifted" 
by suction: and then utilize the balance or remaining portion 
of this force for maintaining the flow of the water into the 
pump by overcoming the friction and other resistances in 
the moving wat^'r. And in folJowing out this idea, it Ijecomis 
at once plain that the higher the wat«r must be lifted into the 
pump, the slower must be the rate of flow, as the available 
force of 14.7 lbs. is, within very narrow limits, a fixed and 
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I observation at ont' foot head; so tliat we have tlie suni- 
f of the suction or inlet account oa follows for good eco- 
niical hmits with a liberal well close at hand, and a free flow 
from the source of supply : 

Actual net lift accomplished between the level oF the 

|wat«r in the well and the under side uf the dis- 
charge valves in the main punipa in the engine . . 20 feet. 
Resistanee of the suction valves 1 foot. 
Available for friction of flow ..,..,.,... 13 feet. 
Total atmospheric force at sea level. ..... 34 feet. 

'fhe unemployed head of 13 ft., aside from the height of the 
water column and the resistance of the suction valves and 
seats, is not all available for ovei-coming friction in a straight 
pipe and so it is not safe to work completely up to the limit 
as might at first appear; as a break or loss of the suction col- 
mnn is extremely liable to produce serious damage to the 
engine by placing it in the position of exerting power enough 
at the steam end to do a certain amount of work and tlun 
being suddenly robbed of most of its resistance. Therefore 
it is best to allow, say, 5 ft. for a margin of safety, and so reduce 
the 13 ft. to 8 ft. This is again liable ti> reduction on account 
of tlie entering head necessary at the intake end of the suction 
pipe, and alflo on account of the bcnda in the auction pipe on 
its way from the well to the piim]>, and it is scarcely possible 
to get along with less than four changes in direction in the 
courw; of the inflowing water; one Ijend at leaving the well 
at the top of tlie vertical column ; one in turning towards the 
pump near or within the building; one turning into the pump 
chamber; and one more in turning directly t-oward.^ the suc- 
tion valves. Of course some conditions and situations might 
reduce- the number of changes in motion and direction to three, 
but not frequently, and in generalizing results it is always 
better to take an extreme view otj the adverse side of the ques- 
tion when dealing with such an abcoluttly fixed factor as "suc- 
tion lift," it being remembered that the hydraulic engineer 
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aim-' mofTtlv to arri^'e at a safe conclusioQ so as to ii»ire the 
Tf-\Au .sou^it for, rather than to ascertain the e3uct balance 
of all of thf* factors involved. This latter acgomplkhmrat 
i.- al>-^jlut^'ly impossible on account of the unknown changes 
in f'onditiorm and the ine\ntable errors in human judgment and 
workrnarLship^ always present in practical operation. 

'Yin* l<iss in he^l sa^taine<l by flowing water throudi a pipe 
i-* not i^ffat witli profM-riy designed bends, but is, neverthefesg, 
s/>rrnthinj^ to lie jiIIowcmI for when dealing with such a small 
amount of fixed prr.'ssure: it depends upon the length or the 
.-liortn«'s- of tlic U-ri'l. altliougti not in direct proportion, the resis- 
tanrr? inr-n'a-int: ra[ii<lly in very short bends after the radius 
of tin? \n\iu\ iMvorn^'s l«*ss than one diameter of the pipe, 
rulminatini^ at a ra^liiH of lK»nd equal to half a diameter of the 
pilK*. whieli is tli<* lea<t radius |X)ssible to make in a pipe bend, 
a-i then tin* inner "corner* of the bend, so to speak, will be a 
\ti'rU*v\ ri;^!it anj^N* in a W d(»gree bond. After the radius of the 
\}('\A narhr'< five tim"s the diameter of the pipe the effect 
s^M-m-^ to \n' the same jis though a straight pipe were used, but 
(Mactirally it will l>e good practice to allow one quarter or 0^ 
of a foot head for each In'nd in discounting the atmospheric 
fon-<* for rlrivin^ water into a pumping engine, as then it will 
Ik' known that the flow ol water will be without interruption 
from this itern; with four JK'nds this allowance will further 
reduce the net force for causing flow down to 7 ft. With the 
form of bottom to th(» suction pijx* used by the writer there 
need Ix' no allowance for entering head at the point where the 
water enters the pijH^ down in the well; this form being a bell 
mouth, with an outer diameter twice the internal diameter 
of the body of th(^ |>ip<'- If *i foot valve is used, but which is 
unnecessary excepting at rare intervals and under some sort 
of abnormal conditions, of course there will l>e a resistance to 
Ix' added for this item amounting perhaps to one foot, so that 
with a foot valve the net available force for sending the water 
to the i)ump on the basis of the length of a straight pipe equal 
to the total length of suction pipe, including length of bends, 
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uld be G ft. under ordinary good conditions, with a total 
isured suction lift of 20 ft., and with all losses of Jiead 
lounted for and deducted. 

tegarding the re.'sistance of water flowing around bends in 
, there are well received conclusions based upon a formula 
1 high authorities on the subject of hydraulics, but there 
is an amount of complex mathematics involved which would 
be out of place in a book of this character and aims, and, there- 
fore, the wTiter in considering the mathematics of tlie matter, 
together with the factors of roughness and irregularity actually 
found in the work of making suction pipes for pumping engines, 
gives as a safe practical conclusion the allowance of 0.25 of a 
foot for each change in direction of the water in its progres.s 
from the pump well to the plunger barrel of the main pump. 

Regarding the use of a foot valve, there is really no reason 
for such an appliance in a great majority of cases, as the writer 
has very fully demonstrated during the past three or four 
years in the installation of the largest and highest types of 
modern crank and fly wheel pumping engines. Even with the 
Worthington high duty engine, a machine which ha'' always 
been supposed to greatly need a foot valve so as to insure the 
complete filling of the pipes and chambers with solid water 
before starting, there is at least one case wherein the foot valve 
was removed from the bottom of the suction pipe of a 6,000,000 
gallon engine of this type, and under a 14-foot suction lift no 
inconvenience whatever followed. So that what was tried as 
an experiment was continued as a fixture for several years and 
continues so at present. 

With 6 ft. as found above for a head to overcome the friction 
in the flowing water, well known formula will give a much 
hi^er velocity than is generally reckoned for wat<'r going into 
pumps and suction pipes, but the flowing of water into a pump 
1 is not continuous and uninterrupted as in the case of simply 
sending the water to a given point by a continuous flow. At 
" thv instant of tlie closiJig of the suction valves at the end of 
the stroke of the plunger, the water is completely stopped at 
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that emi of the pump and must be promptly not to say suddenly 
HtartPtI into the opposite end of the plunger chamber or into 
another plunger chamber which has just bem discharged of 
its water. So that the velocity expressed in feet per second 
from a formula y largely discounted by the manner in which a 
pump actually takes its water, and the diameter of the suction 
pi{Xf is brought up in practice to what has been observed as a 
fair prar'tical figure, obtained by comparing the theoretical 
discharge with the onlinar}' actual rates of flow. 

The final results of these determinations produce the follow- 
ing table (){ suction piix's for pumping engines of various capa- 
cities, \)SL^*il u\Hm onlinar)' lengths of such pipes practicable 
to Ix; us^*<l in regular work. If it seems to be necessarj' to use 
much longer suction pifx*s than are ordinarily found, say, con- 
siderably longer than "jO ft. for large pipes, it will be found the 
Ix'ttcr practice to flow the water by gra\nty to a suction well 
nean*r tr) the (»ngine (*ven at the cost of considerable trouble 
and exiM'iis^'. Of course* longer suction pipes can be used when 
we an* driven to it by the necessities of a situation, but the 
Ix'st results will not Ix* ol)taine<l from the plant with extremely 
long suction i)iiM's, even though enlarged diameters are employed 
to keep down the friction flow. 

Table of suction pipes not over 50 feet, long and with not more than 
four changes of direction in the flow of the water from the weU to 
the suction valves. 
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I'KK 

'J4 llnl'KS. 



Internal 

niAMETER FOR 

20 Feet Lift. 
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4(),(K)(),(K)() 
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These sizes would answer for sonictliing more than 20 ft. 
suction lift, and would do no harm tor less than 20 ft,, so, per- 
haps, the table wouki answer as a stantlard table for regular 
work. The differente in cost would be trifling between theye 
sizes and the least that could be gotten along with at all, and 
one case of trouble from too small a suction pipe would wipe 
out any saving possible in several cases, by reducing the diam- 
eter materially. And aside from this, the economy involved 
in the use of standard sizes in manufacturing is obvious. 

The proper and complete bolting of suction pi|je joints need 
lianlly to be dwelt upon it would seem, but a brief mention 
of its importance will be in good place here, if for nothing more 
than to emphasize the great value of absolutely air tight joints 
where such a delicate effect as the maintaining of a perfect 
vacuum is concerned. Whenever it becomes evident that an 
air leakage does exist in some part of the suction connections, 
it is an almost endless task to discover and locate the trouble; 
it generally being found necessary to thoroughly paint the 
entire pipe with all of its joints, so as to cover the inlet of air 
wherever it may be, the difficulty of locating ymall but trouble- 
some leaks being all but insurmountable. It is a^umed by 
some that because the effects of pressure involved in the uses 
of a vacuum are very slight, the bolting of the suction joints 
need be only nominal, and not to be very seriously considered 
as compared with joints for pipes under pressure of the discharge 
portions of the pump; but in such a position there are many 
chances for annoying and expensive mistakes, ami therefore 
the writer makes no distinction between the bolting of the 
suction and the discharge pij>es so far as concerns numlier and 
size of l)olts, the iilea being that the loss of vacuum, although a 
rather delicate matter to deal with, is of too much importance 
to the well being and proper operation of the pumps to permit 
anything but the greatest means of assurance of complete 
and perfect workmanship. 

Therefore the following table is presented as a guide in the 
laying out of suction pi[>e joints, and which, although costing 
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a little more than joints made with fewer and smaller bolts, 
will neNTrthelesf^ pay to use where absolute assurance of air 
tight joints is desired, especially when it is considered that 
settlement strains, contractions, and expansions, and other 
possible distortions n the suction pipe, all tend to cause a 
letting up at the joints where the bolting is not solid and se- 
cure. This table Ls laid out upon a standard line for pipe 
joinU^, for pipes under heavy internal pressures such as force 
niaim^ and the like, and will be found to give very satisfactory 
results in holding the [)acking in place between the flanges so 
as to prevent air leakages. 



Table showing inside diameter of suction pipes; sizes of llaagss; 
number and sizes of bolts; and diameter of bolt circles. 
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CHAPTER XVIII 

^WATER PASSAGES AND PUMP VALVES 

^BERE the suction pipe delivers the water to the suction 
chamber of the main pump, boncatli the auction valves, 
the passages and openings should be ample and of favorable 
form to permit of the flow with the least disturbance and 
breaking up into small divisions until the water is actually 
delivered to the suction valve gratings or scats, where it 
separates into small streams for transmission through the 
seats beneath the valves, and into the plunger chamber of the 
pump. 

Upon the return stroke of the plunger, the suction valves 
are closed, the water pressure is suddenly raised up to that 
in the force chamber or the space above the discharge valves, 
and so the water is forced out of the plunger chamber and out 
of the pump into the delivery pipe or force main. 

The operation of pumping water is simple and well known 
and has been long known in general terms, but it is surprising 
how many bad and rough working pumps have been produced 
in this world. Many troubles have been met with by ignoring 
a few simple and necessary principles, among them being a 
desirability, not to say necessity, for direct lines for the pas- 
sage of the water tlirough the pump; the avoidance of reversi! 
currents and places for lodgment of the air present more 
or less in all free out door water; design and construction re- 
quired to easily and safely meet the sudden reversal from suc- 
tion to discharge; keeping the water so far as possible moving 
in an upward direction continuously and uniformly; design 
and construction so that llic working forces and pressures are 
properly met by corresponding support in the structure of 
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the pump body, or by transmission, safely and directly to 
the foundations or framing, etc. 

Th(» pump valves come in for a very careful consideration, 
and hav(» been the cause of much debate and contentioiL 
l^»ginning in the far distant past, with one or a very few large 
valv(»s, pump valves have nowadays been brought to the 
common practice by nearly all makers and in nearly all designs 
of pumps, of a nest or group of comparatively small valves, 
for th(» m(K^t part consisting of rubber discs varjdng in diam- 
(*ter, in thickness, and in hardness, but little for equal con- 
ditions or service. And by adopting these small valves great 
conv(*nienc*» and economy in manufacture of pumping engines 
an* secured, |)rincipally l)ecause with a desirable size of valves, 
say from .'i to 5 inch(\s in diameter, a greater or less number 
may Ix* made to suit the demands for smaller or larger pumps, 
and at the sauK* time jxTmit the manufacture of valves and 
seats in large (]uantiti(»s, with the assurance that they can be 
used to advantagi* and economy. Previously to the advent of 
the Worthington pumping engine, about 50 years ago, the prac- 
ti('(» of v(Ty large* single valves prevailed in water works pumps 
of considcrahlr size and capacity, but Henry R. Worthington, 
then engaged in producing an (»ngine to retain whatever advan- 
tages h(» could s(M» in tlu* Cornish (»ngine then in its glory, and 
to omit the disadvantages clearly apparent, conceived the idea 
of replacing the single large valve with a number of small ones, 
an advantage in construction and operation quickly to be 
HM'Ognized and adopted by pump makers ever since. 

Fig. ()() is an illustration of a typical pump valve for water 
works engines, and although this sp(»cific size and design is 
sometimes departcul from, nevertheless the illustration indi- 
cates a valv(» which can 1h» used in a very large number of pumps; 
and this Ix'ing th<» case the great economy of its manufacture 
in sjK'cial machines iK'comes apparent at once. 

The valve seats an* sometim<»s screwed into the valve decks, 
sometimes press(»d in without the use of screw threads, some- 
times l)olt(»d into place: hut th(» manner of attachm:^nt most 
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II favored, and no doubt justly so, for water works enpne 

puitipH, is the screwing in by a tapering thread of a brass 

valve seat into the cast iron valve deck formed within the 

pump body; the brass neat 

being sent firmly home into 
^^tuocket by means of some 
^^^B of a power driven ma- 
^^M or tool. 
^^^The valve stems, which pass 

Uirough the center of the 

valves, generally a separate 

piece from the seat, and in 

turn generally screwed into 

Uie center of the seat, is 

formed at its upper or outer 

end into a shoulder or guard 

to hold the spring in place 

and afford a hold for the 

wTench in putting in and tak- 
ing out the stem when the 

valve itself is replaced. 
Of course there have l>een 

a number of different kinds 

of pump valves used in the 

past, and some different ones 

are atill used, but the gen- 
eral practice is pretty well 

actUed down very nearly to 

the valve and seat shown in 

tlie illuHtration. For example, 

* 67 is an illustration of another form of pump valve used 
xl deal at tlie present time. Its general features are the 
as Rg, 66, as in this one also the seat, the central stem, 
tiard and spring, are of brass; but the stem and guard are 
sefMirate, the stem being screwed into and then riveted at the 
under side of the seat; tlie guard holding the spring down 
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onto tlu' brass valve plate is sereft-ed onto the upper end ot 
till' stem iiiul then a split pin or cotter is put through tbf 
stem aNn-e the pianl to avoid all chances of the guard bark- 
ing off: the edpe of the plate o» top of the val\"e ia turned 
down around the npi)er outer I'dge of the rubber valw for 
sup|H)rt of the valve uiidcr pressure. In Fig. 67 the area U 
4J .sipiare liieheK througli the valve swat, and the diaiiieter of 
the inner edge <if the valve seat ring is 3 inches, making it 




$ 



Tig. 6T. Typical Pump Valvg for WmUr Vorki EnflBM. 



iK'ces.'iary for the valve ti) lift one half an inch to give a rim 
area e<]uai to the area through the .seat; but the velocity of the 
uater is no doulit fi^'uter at the rim than in the seat opening 
and so as a matter of fart in all piobability a valve never needs 
to lift rnough to make the rim area equal to the seat area. 

The matter of total valve area, or total area of valve seat 
opening, ha^ al^o In-en niiirh talked about and disputed over 
but such area ought to depend upon the velocity needed to 
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pass the required quantity of water in a given time. Some 
authorities advocate a velocity not to exceed 3 ft. per second, 
and some set the limit at 4 ft. per second; but there are several 
factors to be considered. First as to the lift of the valves; the 
lower the pressure and the lower the rate of revolution of the 
engine, the higher the valve can lift; and to the contrary, the 
higher the pressure and the higher the rate of revolution of 
the engine, the less the valve may lift, if a smooth running engine 
is desired. 

Assuming the valves to be not more than 4 inches nor less 
than 3i inches in diameter, the following table of extreme lift 
of valves and revolutions of the engine will give good results: 





Lift of Pump 


Speed of 


Watrr Prrhsure, 


VALVK8, 


Engine, 


POt'iCDS. 


Fraction of 


Revolutions 




AN Inch. 


PER Minute. 


50 


i 


20 


50 


3 


30 


50 


i 


40 


60 
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30 


60 
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70 


1 


25 


70 
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30 


so 
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25 


so 
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30 


90 


S 


25 


90 


\ 


30 


100 


a 


23 


100 


i 


25 


120 


1 


'20 


120 


23 


130 


} 


'20 


140 


\ 


18 


150 


i 


17 



As is well known, many attempts have been made to have 
fast running pumping engines with high lift of pump valves, 
and in some cases fairly good results have been obtained, but 
seldom if ever do such engines operate without a great deal of 
noise and wear of pump valves; but contrary to this, when we 
see a quiet, smooth running pumping engine under fairly good 
water pressure, it will always be found that a very liberal area 
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of puriip val^Ts hiis* been pro\'ided and coodequently having 
small lift to pa.««!i the de^siied quantity of water. 

.\> to thi' area through the val\'e ^eats or grating, upon which 
tilt* rv'^ar fonn of rubber punip val^Ts rest. 3 ft. per ^eeooA 
a-* thf v<-lrx*ity of the water through the seats, for a general 
rule aruJ in the aljesence of any special conditions, will be found 
to \jt' very .sat L<f actor}' and gi\'e a good, smooth running pump. 
A rat*' of 4 ft. per st-cond ^ill answer in many cases, and will 
at riHir^t times U* acceptable where the presa^ure and the lift 
of tlif valves are not too high; but 3 ft. per second L^ to be pre- 
ferre<l as the sfXH^ for smooth action and long life of the 
rnarhine with low rate of repairs. The following table gi\'es 
th<* net an-a through the val^T seats for different kinds of 
pumpiriK ^nprns ralculati*d at 3 ft. per second for the velocity 
of tin' wat<T fio'iwii through: 



Area through suction rtdwe teats for Tarious capacities. Two doable 

acting plungers. 
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48 


144 


2,400.000 


90 


1 ") "> 


4.000.000 


153 


l(i2 


6,000.000 


•228 


1()S 


8,600,000 


3*23 


176 


1 1 .800.000 


443 


ISO 


16.000,000 


601 


•200 


•20,000.000 


784 


200 


26.500.000 


998 


210 


32.600.000 


1,220 



For two sirigh* ac^tiiiji; piiirigiTs the figures will be the same 
HO far as (iiainrtcr of i)lunp;(i*s, nn'olutions per minute, and 
ar(»a of valve s< at openings, an' concerned, but the capacities 
IJ4T 24 hours will Ix' only one half those given in the table, so 
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that double the rptiiiired gallons per 24 hours will show in tht' 
table the dimenaions for single acting plungers. 

For three single acting plungers the figures will be Uif same 
80 f ar as diameter of plunger, revolutions per minute, and arta 
of valve seat openings are concerned, but the capacities per 
24 hours will be only three quarters of those given in the table, 
80 that one third added to the required gallons per 24 hours 
will show in the table the dimensions for three single act- 
ing plungers. 

For example, if the plungers and suction valve area for 
8,000,000 gallons per 24 hours is desired, and two single acting 
plungers are to be used, the 8,0(K),0(X) must be doubled, and 
then the .diameter of plungers, revolutions pir niimite, feet 
travel, and valve seat opening? found optwHite 16,000,000 
gallont;. Or, if three single acting plungers are to l)e used, 
the 8,000,000 gallons is to be increasd one third or to the 
1 1 ,800,000 an the nearest found in the table, and the dimensions 
opposite the latter figure will be correct for a three plunger 
en^ne for 8,000,000 gallons per 24 hours under the conditions 
given in the table. 

With two double acting plungers in crank and fly wlieel 
engines, the cranks should be set 90 degrees apart. 

With two single acting plungers the cranks should be set 
180 degrees apart. 

With three single acting plungers the cranks should be set 
120 degrees apart. 

With the non-rotative or Worthington type of machinery, 
four complete strokes would be taken as one "revolution," 
although as a matter of fact there arc no revolutions of any- 
thing, there being no wheel in its make up, but four strok< s 
would rather be considered as one "cyck?" corresponding to 
one revolution of the wheel engine. So that one "cycle" 
or four strokes, two double strokes at each side of the machinr, 
ifl the equivalent of one revolution; it being noted in pa.'^^ing 
that there must be four operations in the non-rotative engine 
ior each revolution, and Uva single acting or three single acting 
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plungers cannot Ix' employed in this .type, althou^ four sin^ 
acting plungers can ho and are sometimes used. Therefoie 
the non-rotative engine must be considered as a "four cor- 
nrrtHl" machine, or a machine mith two double acting plun- 
pTs and in no other cl&«^. From this it will be obsen^ed that 
the tal)I(» Jis it stanils accommodates the non-rotative engine, 
with thr |)ossil)h* exception that this type is not often oper- 
ated at ({uite so high a s|x^d as that given in the table, but 
tlirn* is no perceptible reason why it could not be worked at 
the ratc*s pvcn with the proportions of diameter of plungpr 
to stroke, and with the valve areas given. There Ls no hard 
and fju<t rul(* for plungiT diameters, length of stroke, rates of 
n'volutioii, and otluT details to be implied as absolutely neces- 
sary bv this tal)le, but the writer believes after nianv wars 
r\|Hri('n((\ observation, and practice, that the dimensions and 
-ptM'ds pvcn, will i)nHiuce pumping machinery not to \ye ex- 
rrjlrd and pr(>l)al)ly not eciualed as a paying investment where 
ii>< fulness in proportion to the capital involvinl is concerned. 
All sorts of chanp^s have lx*en tried by various makers, but 
the rrcurd is held to-<iay, has always been held, and likely 
always will U' held, for economy and long life, by propor- 
tionately larg(\ slow running pumping engines. Repairs and 
stoppages are tlu» most expensive items encountered in pump- 
ing water, and these should 1k» nniuced to a minimum by put- 
tin*^ money enoiifj:h into the machinery to enable it to handle 
its work with smoothness and eas(\ Tlie Worthington old 
time, lon^ stroke* pumping engin(\s have never been equaled 
for low re|)air accounts and absolute reliability for pumping 
water: they were run from 1)2 to 110 feet per minute and were 
•:en<'rally built with a stroke of 4 ft. for 5,000,000 gallons capa- 
city and upwards. The hi^li duty (Migines of to-day of all types, 
which give \\\v great(*st economy, are long stroke, heavily pro- 
portioned machines. The (»nly excuse* for light weight, short 
stroke pumping engines is low fn*st cast, the use of which invoh'es 
a policy too oftiMi leading to disappointment and loss grossly out 
of i)roportion to the cK^ceptive saving in capital at the beginning. 



WATER PASSAGES AND PUMP VAlVEff 249 

[aving determined the proper area of seat opeiiingB for the 
bn valves of a pumping engine in proportion to the quan- 
t of water, sijeed, etc., which will give tlie Iwst all around 

lulls', least resi-itance and loss of quantity antl power in pass- 
ing the water through the auction valves into the pump, or 
more atrictly speaking, into the plunger chamber, it will of 
course be certain that a similar application of areas to the 
discharge vah-es will give a like minimum- of resistance and 
loss in getting tlie water out of the plunger chamber; so that 
the application of the same tables of valve details pven for 
the suction valves will complete the pump ho far as the inlet 
and outlet of water are concerned throu^ the valves and valve 
seats. 

As already pointed out, the passageways for the water within 
the pump body, from the suction pipe connection to the euctioit 
valves, within the plunger chamber, and beyond the discharge 
valves to the point of connection of the force main to the pump 
body, should be of I beral dimensions and of simple forms, so that 
the water may flow in is direct lines as possible and with the 
least resistance. It has been considered by the l)est and moat 
experienced authorities to be a fair allowance to add one foot 
for loss of head for the suction valves, and one foot for the 
discharge valves, to the observed head notetl by gauge and 
iireasurements, this allowance of two feet for the pump end 
of the machine to represent the resi.-'tance wljich is overcome 
by the power end of the machine in getting the water into 
and out of the plunger chamber, and which cannot be made 
to appear although the work is really done. The steam engine 
indicator, sometimes u.'*rd for indicating the ojterationa going 
on insi<ie of a pump barrel, has a rather hard time at best, 
in liandjing such a stubborn element as water, and is wholly 
inadequate to demonstrate with sufficient exactness the actual 
state of the facts. i»cyond showing by a diagram the general 
conditions as regards either the presence or absence of abnor- 
mal and violent ftuctuatioas arHng from shocks in the water 
due to the sudden ciianges of form or speed of flow. 



CHAPTER XIX 

THE WATER PLUNGERS 

t 

In the natural course of things, the plunger is the next detafl 
of the pump to be taken up and dealt with. There is not 
so very much to be said about the plunger; it is a cylindrical 
body sliding back and forth or up and down, either alternately 
into and partly out of the adjoining valve chambers as in a 
double acting pump, or into and partly out of a sin^e plungf r 
barrel or valve chamber as in a single acting pump. 

The end or ends of the plimger moving within the body of 
the pump are shaped according to the ideas or fancies of the 
designer. Roimd nose, pointed nose, concavo-convex nose, 
and other forms of nose or end, are made for the extremity of 
the plunger which comes into direct contact with the watrr 
within the pump. The various shapes simply indicate the 
various ideas of designers in forming a plunger end which will 
offer the least resistance to the moving water, and move with 
the greatest smoothness and freedom from shocks, etc. It is 
not so far evident that any particular form of end has affected 
the efficiency of a pumping engine, and probably a half ball 
or half sphere is as good as any form for the end of a water 
plunger. 

The office of the plunger is to attempt to form a vacuum by 
partly withdrawing from the valve or plunger chamber during 
the suction stroke of the pump, and then upon the return or 
discharge stroke, to form a pressiu-e within the plunger chamber 
and the valve chamber above the suction valves, equal to or 
a little more than the pressure in the discharge or force cham- 
ber above the discharge valves; and then, having thus shut off 
communication with the suction chamber and opened up com- 
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munication with the force chambir, to discharge a quantity cf 
water into tlie force chamber, equal in volume to the cross 
section and length of stroke of the plunger itself, or as nearly 
to such volume as may be, presumably amounting, in the beet 
pumps and under the best pumping conditions, to 99i per cent 
uf the displacement volume of the plunger cross section multi- 
plied by the movement during the ctischargo stroke. 

The more or less perfect action of the valves and plungers 
control the hydraulic efficiency of the pumping engine, or in 
other words, determine how great a percentage of the calculated 
capacity of the pumps may be realized in the actual work of 
pumping water. In good practice, the loss which seems to be 
inevitable to some extent, in even the best machines, amounts 
to from 0.4 of one per cent to 1.5 per cent of the calculated dis- 
ptacoment. Or putting it the other way, the efficit m-y or effec- 
tiveness of the best water works pumps varies fro:n 99.6 per 
cent to 98,5 per cent according to the design and proportions 
of the pump, and the conditions under which the pumping is 
done. In specifying pumps, it is good practice to allow 5 per 
cent for slip, leakage, and other losses when designating capacity 
and sizes of plungers. 

In the matter of the loss of displacement all types and classes 
of modem pumping engines are covered by two distinct and 
separate principles of operation, and under proper and reason- 
able conditions, and proper and reasonable proportion.^ of 
machinery there is very little if any difference in efficiency in 
displacement. One of the principles of the operation of 
plungers is embodied in the performance of the U'orthington 
non-rotative engine as originally brought out about fifty years 
ago; and this principle is that of the comjjletr stoppage and 
pause of the plunger at the end of each stroke and so permitting 
the quiet seating of the suction valves and the complete clasing 
of the communication between the suction and plunger cham- 
bers, before the return stroke of the plunger commences. The 
other principle is that found in all crank and fly wheel pump- 
ing engines, of the gradual slowing of the plunger as the crank 
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approaches the limit of its throw by virtue of the chan^ng of 
the crank and connecting rod from an an^ with each other to 
the same straight Hne, &s the engine reaches what b known aa 
the dead center. Summing up these two different principles 
as f)p|K)Hing each other, the fonner probably fills the pump the 
('itsicr, while the latter probably picks up the load of discharge 
th(» casi<T; the total effect of lx)th operations of suction and 
discharge* working together so as to produce just about tlie 
same final effects reganling the losses in quantity as shomn by 
actual delivery over a weir as compared with the amount of 
displacement calle<l for by the cross section and length of stroke. 
A moments reflection will convince anyone that perfect dis- 
|)hicem<»iit is im|M>ssil)k\ and even impossible to calculate 
rxactly: there is a certain amount of compressibility in the 
wattT as a pra<'tical fact, owing to the air which althougli 
4'ver so small in (|uantity is nevertheless present in all water 
handled l)y water works pumps; and the difference in the 
attrnuatiiig or expansive efft*ct U|)on this air during suction, 
an<l tlio compressing effect u|X)n this same air during the dis- 
(•haig(\ represents a change in volume which forever places out 
of n^icli of practical operations that complete measurement of 
<lis('har^e whicli is comprised within the expression of 100 per 
(•(»iit. It is also inipossiMe to measure the diameter and stroke 
with al)solute ('\aetn<'ss. TIh» writer knows by exix*rience 
that th(» same iiiaii measuring three timi*s, or three men meas- 
uring three ti:ii<'s. or either one or three men measuring any 
numlxT of times, will not alwavs obtain the same record 
even with tl»e linest kind of mt^asuring instruments; and, of 
course, then* is only one correct measurement, and an unlhnited 
number of incorrect nu^it-^urements, so that in actual opera- 
tions it is fecund neec^ssary to average several measurements 
and agree that tliis av<'rage is correct for puri)oses of settling 
(juestions under a contract. Kven the gauging of plunger dis- 
placement by means of a weir is not free from uncertainties, 
as the reading, allowances, and calculations involved in the 
uses of a w(»ir. with its crest Headings, velocity of approach of 
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the water towards the crest, and other exquisite refinements 
necessary for correctness, and which often if not always have 
to be agreed upon from averages of several observers, represent 
disturbing factors standing between the facts and the nearest 
approach possible thereto. "Taking it all in all the plunger dis- 
placement of a properly proportioned and adapted pumping 
engine is to be preferred to a weir demonstration, as being much 
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Fig. 68. — ' DUgram of Crank and Flange KovemenU. 

simpler and having its factors within easier reach of a more 
positive determination. 

To illustrate the difference in plunger speed and movement 
between the rotative or crank and fly wheel, and the non- 
rotative or crankleas engine, reference is made to Fig. 68, which 
shows the different positions of the crank pin of a crank and 
fly wheel pumping engine, and the corresponding positions of 
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the plunger at the same time, disregarding any modificatioos 
which would be made by the an^ of the connecting rod. Tie 
engine is of 48 inches stroke and making 20 revolutioDs per 
minute, which would give the crank pin an angular velocity, 
or a speed around its circle of 251 feet per minute ; found by 
multiplying 4, which is the stroke in feet, by 3.14, which is the 
ratio between the diameter and circumference of a circle, and 
nmltiplying this result by 20 revolutions per minute, lie 
actual number of feet traveled by the plunger per minute is 
160, found by multii)lying S, which is the number of feet in one 
revohition, or twice the stroke, by 20, which is the number <rf 
revolutions per minute. 

Now with the crank pin half way between the two dead 
centers, the s|H»ed of the crank pin and the speed of the plun- 
ger would \yc the same; but, after the crank pin has reached 
half way l)etween this middle point and the dead center, the 
crank pin will still have to travel 18.94 inches to reach the 
dead center, while the plunger will only have to travel 7 inches 
to reach the same i)oint, which means that the crank pin will 
have to move at the regular rate of 251 ft. per minute while 
the plunger can hmIucc it.<? speed to 93 ft. per minute, a reduc- 
tion in the speed of the plunger of a little more than 62 per 
cent b<»low what it had at rnidstroke. 

W'Ikmi \hv crank pin has again cut the distance in half, be- 
tween the 45 degree point, which has just been considered, 
and the dead center, bringing it within 22^ degrees of the dead 
center, its speed will still be 251 ft. per minute, but the speed 
of the plunger will be reduced to 53 ft. per minute, or a little 
more than 80 per cent lower speed than it had at the midstroke 
position. 

A\'hen the crank pin has again cut the angle in half and 
arrived at a point II J degrees from the dead center its speed 
will still be 251 ft. per minute, while the speed of the plunger 
will be reduced to 26 ft. per minute, a reduction in speed of 
more than 80 per cent, practically 90 per cent reduction from 
that at midstroke, and a plunger speed no doubt very much 
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below that of the non-rotative engine plunger at a correspond- 
ing point in the stroke. 

Now turning to the non-rotative or direct acting pumping 
engine, as built in the early days when designed so as to reap 
all of the benefits and advantages of the system of pausing 
at the ends of the strokes, the speed is taken at 100 ft. per 
minute with a 4 foot stroke machine, m&king 12i "revolutions" 
per minute. With a pause of one second at the end of the 
stroke, 25 seconds will be lost each minute, niakUig it necessary 
to move the plungers during only 35 seconds of the time instead 
of 60 seconds contained in the minute. This will ^ve an 
actual plunger speed of 175 ft. per minute, which is above 
the average speed of the crank engine plunger, and nearly 
G8 per cent of the highest speed oi the crank pin as already 
observed. This speed no doubt continues just about up to 
the finish of the stroke or at least until the cushion of exhaust 
steam begins to stop the pistons; at all events the speed of 
the non-rotative plunger is likely somewhat faster near the 
terminal of the strokes than the plunger in the crank maehhie, 
and stops less gradually than the latter, but the pause is the 
saving factor in the operation. 

Witli a pause of IJ seconds, the actual speed would be 266 
ft. per nunute while the non-rotative plunger was really mov- 
ing, as there would be only 22.5 seconds in which to do the 
work during each minute of time. And with a pause of only 
4 second at the end of each stroke, the actual plunger speed 
would be 126 ft. per minute, as there would be 47i seconds 
in each minute to get the motion. 

With the non-rotative engine making 128 ft, per minute, 
which would be a 48 inch stroke engine making 16 "revo- 
lutions" per minute, and with a half second pause at the end 
of the stroke, the actual plunger speed would be 173 ft. per 
minute. With a J second pause, the speed would be 213 
1, per minute. 

ii''ith the non-rotative engine making 150 ft. per minute with 
linches stroke, the "revolutions" would be 18.75 per minute. 
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and with a half second pause the plungers would travel at the 
rate of 218 ft. per minute; while the same engine making } 
second pauses would have a plunger speed of 283 ft. actual 
travel per minute. 

The s|XH*(l of the plunger is generaUy given in terms of feet 
traveled per minute, and has long been, and is yet for that 
matter, a subject of much argument and dispute and mis- 
understanding. There is an extremely important difference 
in the way that plunger speed is produced, and this difference 
can Ik» l)roa(lly shown by giving two ways of producing any 
certain or desired feet travel per minute. One is with a short 
stroke phingor, making comparatively a good many strokes per 
minute: and the other is with a long stroke plunger making com- 
paratively few strokes \}or minute. The key to the situation is 
tlie rate of ojH^ning and dating of the pump valves per min- 
ut(\- and the sjkhhI which gives the number of times per minute 
allowed for the working of the pump valves, as determined 
by th(» lM\^t and most (»x|x*rienced makers, and as found in 
th(» pumping engines which give the hi^est efficiency and 
economy, is in the neighborhood of 20 revolutions per niin- 
uU\ That is to say, in crank and fly wheel pumping engines 
the rat(» of revohition of the fly wheels are as given above, and 
in tli(* (lircM-t acting or non-rotative pumping engines, the cor- 
responding motions of the pistons and plungers. The rates 
given in tlu* table of suction valve areas will be found to be 
in line with the best practice and the best results obtained 
in actual work. 

Upon the merits of the case, so far at least, everything is 
against rapid |)lunger action, that is, rapid rate of revolution 
of tlu* engiiu* and frec|uent reciprocation of the plungers. The 
longer the stroke of the plungers and the lower the number 
of str()k(»s i)er minute, the better it will be for the effectiveness 
and durability of the pumps; and this principle can only be 
carried too far with steam machinery at least, with reference 
to the cost of the machine and for no other reason apparently. 
The records show that there is absolutely nothing in the line 
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F Bteam ecoiioiiiy, in high .speed in feet per minute or in rate 
of revolulioii. The steam engine holding the economy record 
to-ilay make» only 17^ revolutions per minute, and has a pis- 
ton speed of only 197 ft. per minute. Its mechanical efficiency 
is 96 per cent and it.s steam consumption b* 10.335 iiis. 
of strain {tor indicated horse power per hour. 

Tiierefore tiie logic of plunger speed in a pumping engine 
is to make the engine a.* large and run it as slowly as the capi- 
tal account will permit, or until the interest account and the 
repair account can be made to properly co:npro:nise with ea^'h 
other. The steam economy account may Iw safely left out 
of the rjuestion, or at least need not be feared in going towards 
large, slowly working pumping machinery. 

The gas en^ne is showing great promi.'^e jiwt now a'^ to 
economy of coal, and is probably worth trying with a fast 
running pump if that is the only kind of pump practicable 
for it to operate, but the pu'iip valves will doubtless need some 
modification from the present practice befnix' the gas puuiping 
en;^iie can make a gooii name for durabihty: but if such a 
machine can show 20O,0O0.(J00 ft. lbs. duty as easily as the 
steam machine can make, say, 120,000.000 duty, both with 
coal burned per 100 lbs., then it will pay to do .some pump experi- 
menting. 

In water works pumping engines there aie three well known 
forms of plunger application, the plunger and ring, the inside 
packed plunger, and the out'side packed plunger. 

The plunger and ring as the name implie.ii consists of a plain, 
smooth cast iron plunger working througli a brass ring, the 
internal surface of the ring where the plunger liears being gen- 
erally grooved around it.-* circumference, so as to provide a 
sort of water packing. The theory of the grooved ring being, 
apparently, that whatever water en<leavor.-; to leak past the 
plunger from the pressure to the suction end of the pump in 
compelled to pass first through the narrow space Ijetween the 
inner wall of the ring and the surface of the plunger ; then when 
one of tlie circidar grooves is reached, the suddenly increased 
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voluino of the film of water retards the flow, and when tlie neit 
(li vision of close fitting space is met with the flow must agui 
U' tUTohTHteil; so that the alternate increase and decrease in 
tho ratr of {)assag^ of the film of water attempting to leak past 
tht' plunger n\sults in such a complete retardation of the water 
that the plungiT is reversed in its stroke befcH^ the leakagp 
n^ally has a fair chance of actually taking place. This form 
of phiiipT is mostly, if not always, confined to double acting 
|)Uin|>s. or pum()s taking in and discharging water at both 
cnils alt*Tnatt»ly: tho records and experience of pumping engine 
luiiMiTs indicating that in fairly clear water, or water free 
fion\ |»ronouncc(i grit, such plungers and rings give very satis- 
factory results. In water containing fine, smooth, clayey 
silt, or a trace of vegi»table slime, this type of phmger which 
with its ring is entin^ly without means of adjustment, will 
work for years with very little wear. The writer has seen 
aiitl examined pumps with this form of plunger that have 
U'cii working uiuler favorable conditions during a period <rf 
live or six years, and has found the leakage to be very insig- 
niticaiit. 

Ill a gn»at many situations this t)rpe of plunger makes a 
very good pump, probably more of them being in use than 
any other form. It can Iv easily and accurately made, runs 
Willi litth* friction, reijuires no adjustment, and very little 
atti'iitioii ill I'airly cl(»ar water fn^e from grit in any consider- 
aMe <|uantitit\s. Its advocates argue that a plunger with a 
solid, iioii-adjustal>l(» ring, even if it does wear some, will really 
waste less water in tin* long run than a packed plunger, neg- 
lected and not given projHT attention Mith reference to its 
Ix'iiig coiiijM'tently packed and operated; it being rememberejl 
that during actual o|M'ration in pumping water, the plunger 
is always moving in a direction opposite to that of the water 
trying to leak pjust it from the forcing to the suction end of 
tlw* pump, which naturally enough helps to retard any water 
uttem|)ting to pass in a thin film between the surface of the 
plunger and that of the ring. 
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Fig. 69 shows the general features of this type of plunger 
with it's ring and plunger rod. 

An interesting experiment was tried by the writer some 
yew^ ago with a steam fire engine, to find out how high a vac- 




Fig, 69. — Flongsr tnd Blng Fomp. 



uum could be formed and maintained with a solid plunger and 
ring. The plunger was of brass 5 inches in diameter and of 
8 inches stroke. In this case the plunger was grooved and 
the ring was bored and then reamed as smooth as it was pos- 
sible to make it. The plunger and the ring were both 8 inches 
long, and the ends of both were even with each other when 
the plunger was at its mid-stroke position, so that there were 
4 inches of plunger in the ring at each end of the stroke. This 
test was made to learn how hi^ a vacuum could be formed 
30 as to judge of the capability of the en^ne to lift water 20 
ft. when started with its pump and suction hose entirely empty, 
aud it was the regular practice to make tlie plunger j*) of an inch 
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Pig. 70 shows the form and construction of the insicie packed 
fer as generally employed in horizontal double at^ting 



p outride pai;ked plunger is considered by some authorities 
I the perfection of plungers, for the reason that leakages can 




Tif . 70. ~ Iniide Fukvd Flonger. 

be seen and the packing is accessible for adjustment while the' 
en^ne is running so as to stop such leakages. With proper 
attention this is so, and these very ilesirable results ean be 
oht^ned, but as already pointed nut, in good, clear water a 
solid ring which cannot be adjusted or neglected to its detri- 
ment, will leak the minunum amount of water for a long time: 
while in the very best water a neglected or badly adjusted out- 
side packed plunger, even though right under the very nose 
of a careless attendant, may be allowed to leak a very serious 
percentage of the water pumped. 
The outside packed plunger is used in nearly all fonns of 
iping engines, and in the horizontal machine is called a 
iter packed" plunger because, although outside packing is 
oeed, the packing of the plunger is accomplished by placing 
two stuffing boxes within the open space formed at the middle 
or "center" of the length of the horizontal pump body, one 
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stuffing box for each end of the pump. Sometimes the stuflBng 
boxes are placed at the outer and inner ends of the horisontal 
pump body, with a solid partition at the middle of the length 
of the pump, to divide the end plunger chambers from each 
other. In this latter form the plungers are put in at the outer 
and inner ends of the pump, and connected together by means 
of heavy rods passing along the outside of the plungier barrels 
from end to end. 

Nearly all of the vertical, crank and fly wheel pumping 
engines have single acting outside packed plungers driven 
directly from the steam cross heads by means of distance rods 
connecting these cross heads and the heads of the plungers 
rigidly together. There have also been made vertical engines 




Fig. 71. — Center Paeked Horisontal PluBftr. 

in which the outside packed plungers have been of the center 
packed class, and practically like the horizontal machine turned 
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up on end. Also, there have been buQt outade packed differ' 
ential |dunger vertical machines, with the upper half <A the 
plungers smaller than the lower half, but witii all phingers of 
the outside packed variety, these differential plungers luuilly 
being driven by means of a [hunger rod passing throu^ a 
stuffing box in the top of the upper plunger chamber. 
Fig. 71 shows a center packed horiiontal plui^er. Hg- 72 
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ft vortical plunger of the same class. Fig. 73 a vertical outside 
packed differential plunger. And Fig. 74 shows a vertical out- 
side packed single acting plunger. 
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and however connected, the proper idea is to have a perfectly 
rigid and direct connection between the steam pistons and the 
water plungers, and so to avoid driving the load by or tfarou^ 
moving connections and joints. 

The plunger rods in horizontal pumps are secured to the plun- 
gers in various ways. Fitted into a taper socket in a hub at one 
end of the plunger and keyed; carried through the length of the 
plunger, with a shoulder or collar at one end and a large nut 
at the other, the nut secured after being solidly set home, by 
some sort of a keeper; by a nut, and shoulder or collar on the 
rod, the rod passing through a heavy partition or web at the 
middle of the length of the plunger. 

In vertical pumps with double acting or differential plungers, 
and having plunger rods passing through the tops of the pump 
barrels, the hub and key at the top of the plunger are usually 
employed ; while in vertical pumps having the plungers passing 
out through stuffing boxes at the top, the plunger head is 
usually formed so that collars and nuts at the lower ends of the 
distance or plunger rods secure the plungers. There are other 
ways of arran^g plunger rods and connecting them to the 
plungers, more or less complicated and more or less dangerous 
in operation, but the foregoing methods cover the generally 
accepted practice to which the great majority of pumping 
engines have been reduced, and which are considered by 
different builders apparently as giving the best satisfaction. 
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The water is delivereti into the force chamber above the 
discharge valves from thp plunger barrel in absolutely sepa- 
rate quantities at each disp'aceuient of the plunger or plun- 
gers. And, in the absence of any equalizing device, here 
would be as many distinct shocks in the water column as there 
arc strokes in the operation of the pump. But these distinct 
strokes of the plunger can be blended into a continuous and 
nearly uniform stream by the employment of a large vessel or 
chamber, placed in a suitable location above the discharge 
line of the pump, the upper portion of this ve.ssel or air 
rhamber being charged with or containing ordinary atmospheric 
air compressed to a tension like that of a spring, equal to the 
pressure of the water delivered by the main pumpe. It is the 
great elasticity, or quality of instant compression and expan- 
sion, possessed by the air contained within the air chamber 
to suit the variations in pressure of the water being delivered 
by the plungers, which makes the air chamber such a valuable 
detail to a pump. There are many different arrangements 
of plungers, with reference to the different times and order 
in which they deliver the water through the discharge valves 
into the force chamber; and there is a wide difference between 
tlie regular or irregular action and effect in plungers in doing 
such work. But there Ls no water works pump working with 
plungers, delivering water into long lines of pipes or mains, 
however uniform, blended, and regular the actual plunger 
deliveries may be .by virtue of the mechanical relation and 
arrangement of such plungers, but what the smoothness of the 
flow will be greatly improved by the use of a proper air chamber. 
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The extreme amount of irregularity would be produced 
by one single acting plunger taking in the water at one stroke 
and discharging it at the next; but the spasmodic work result- 
ing from the use of such a plunger may be reduced to a very 
nearly uniform stream by a well formed and appropriately 
located air chamber near the delivery nozzle of the pump. One 
double acting plunger or two single acting plungers would 
naturally start the flow more steadily than one of the sin^ 
acting form. Two double acting plungers with their strokes 
blended as in the non-rotative or in the 90 degrees crank and fly 
wheel engine, would be an improvement on one double acting. 
Four double acting plungers, or pistons, with the crank pins 
at 135 degrees and the center lines of the opposite sides of the 
engine at 90 degrees, as in the older type known as the Holly 
quadruplex, would give 8 impulses to the water colunm at 
each revolution of the wheel, and would give a still greater 
uniformity of delivering pressure than the 90 degrees crank 
engine. Three single acting plungers, with the crank pins 
set at angles of 120 degrees around the circle, will give a very 
good result in close uniformity of flow. 

But with the best, and with all, of the different number and 
arrangements of plungers, the necessity for the air chamber 
exists where smooth work and high economy are desired in a 
regular water works pumping plant. The service which the 
air chamber performs is to receive the impulses of or pulsa- 
tions given out by the plunger deliveries, against its air cushion, 
and thus take up by an elastic medium what would otherwise 
be a decided series of shocks within the mass of water and 
against the sides of the valve chambers and pipes. Or, in 
other words, without the air chamber the motion of the water 
would be intermittent; but as the velocity of the water on 
entering the air chamber is more than on leaving it, the level 
of the water therein rises above the outlet and compresses 
the air which fills the air chamber. Hence^ whenever a plun- 
ger stops, the air thas compressed, reacting upon the water, 
forces it out during the momentary stoppage and thus keeps 
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a constant flow. The ot>j<vt .soit^t in pumping wmet a to 
prcxlucp a steady urufomi flow with the leasit dungp in prrs- 
xiire practicable ; but the pump deli^-erie? being from the nature 
of the machine interaiittent and pulsating, on account of sepa- 
rate and measured quantities being repeatedly eent into the 
force chamber at different rates of motion, and at a rate of 
flow completely at vari&Dce with the uniformity «iu^l in the 
force main, the water pressure in the ah^oce nf the air cham- 
ber would be suddenly increased for an instant at a time, and 
in effect a sudden and repeated increase in the ^Tlocity of 
flow in the force main at the pump would become necessary. 
The air chamber, however, when properly locjtted. by means 
of itj* elastic cushion, safely receiv-es the impact of the sudden 
rush of water from the pumps, and the attempted ^ock or 
rii^ of the water pressure is mostly expended in a :iU^t com- 
pression of the confined body of air, and the surplus for the 
moment above what is required to keep up the constant Sow 
in the main, is retained within tbe air chamber just for the 
instant necessary to permit of the uniform distribution. 

In the practical coa'^truction of water works engines it is 
not always possible to locate the air chanil^er at the best point 
in the design itself, and convenience in the t^upporting of the 
various parts of the machine often take» precedence over any 
particular consideration of the matter of the air chamber being 
located so as to receive, in the best and most effective man- 
ner, the comparatively rapid deli^-eries and coaiequent pul- 
sations of the plunger energ\-. It is very likely that the 
tliou^t devoted to the air chamber Ls not so serious or abun- 
flant as it should be; but rather, the idea most prevalent is 
that after some of the other details have Ijeen arranged with 
reference to making a reliable, economical, and durable machine 
of moderate or low cost, some of the parts are made conven- 
ient for air chamber purposes; and this of course rnagnities 
the importance of the plunger arrangement, on the principle 
that the less effective the air chamber, tlie more the plunger 
action must be blended to secure uniformity of flow. 
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This idea of undesirable plunger arrangement and insuffi- 
cient air chamber combined, was clearly illustrated in the 
experience of the writer several times during the past few 
years, the opportunities for such observations not being any 
too plenty under actual water works conditions and service. 
In three pronounced cases the engine was of the two plunger 
class of the crank and fly wheel type; two sin^e acting plun* 
gers, with the crank pins directly opposite each other, or at 
180 degrees. One engine was on direct service with a closed 
system of pipes having no stand pipe or reservoir. There 
had been some complaints about noises in the house faucets 
within the high service district supplied by this engine, and 
a call at a number of the houses resulted in the disclosure of 
the fact that every stroke and revolution of the engine could 
be counted very readily at the kitchen faucet, by the shocks 
or pulsations in the water, not taken up or obviated by appro- 
priate air chamber capacity and location, althou^ the engine 
itself apparently had a fair allowance of space above the dis- 
charge valves for entrapping air enough for a pump cushion. 

In the next case, the plungers were also opposite each other 
in motion with the crank pins at 180 degrees, but this engine did 
its pumping into the distribution of the entire city; and the sur- 
plus over and above the consumption went into the reservoir, 
the city distribution being located between the pumping station 
and the reservoir. After the starting of the new engine, which 
is the one referred to, and which was the wrong kind of an 
engine for the service, many complaints began to come in from 
the water consumers; and there was no doubt whatever of the 
shocks and pulsations within the mains and service pipes. After 
the matter was carefully looked over and the conditions noted, 
a large air chamber was placed just inside the walls of the pump- 
ing station and connected with the force main outside of the 
check valve. The force main was 24 inches in diameter; the 
air chamber made of steel plate was 36 inches in dia!neter by 
15 feet in height; the bottom of the air chamber being contracted 
to 12 inches where it was joined to the force irain. The result 
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was most satisfactory. The pulsations gave no further trouble, 
and so far as the consumers were concerned ceased to exist, 
although there was no doubt still remaining, some traces of 
the rather pasitive action of two single acting plungers upon 
the water column. 

The third was that of an engine pumping into a reservoir 
through a force main and with no connection whatever with 
the consumers. There were of course no complaints, but a 
person standing upon the ground at the reservoir directly over 
the force main where it entered tlie baain, could distinctly 
count the strokes of the plungers; the engine was about 2,000 
feet away from the reservoir and was of the two plunger class 
with crank pins 180 degrees apart. 

The writer is not aware that any remedy was ever applied 
in tlte first and thinl cases alwve mentioned, but there is 
scarcely room for doubting that ample air chamber capacity 
properly designed and located would have greatly reduced the 
pulsations in both cases. 

In a water works plant the greatest use of the air chamber is 
really more on account of the distributing mains and pipes than 
of the pumping machinery, although the refinements of steam 
economy are found along the lines of smooth action, but no 
doubt the ordinary methods of construction furnish sufficient 
cushioning effects for the engine itself. Therefore tlie location of 
an air chanitwr outside of the engine construction should be made 
with reference to the force main where it leaves the building or 
approximately at that point; and where the air chainlx'r is 
applied for this purpose, its dimensions should conform to the 
dimensions of the pi[>e with reference to its greatest probable 
capacity. Tliere are no hard and fast rules concerning the 
size and capacity of such air chambers, but a proportion prol)- 
ably as good as any, and which experience shows at lea-^t so far 
will be sufficient to correct to an acceptable degree the puba- 
tiona of two single acting plungers, likely the worst condition 
to be met witli, would be as follows: 

The inside diameter of the force main where it leaves the 
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rj-iiiriizig K Uken m the Ime^ lot tfe Aaeaaam cf tfe lir 
frhAraber. 

Thra OOP and a half ticM« ^\^\ the dEameter of tiie force 
rnain will be the iinde dkmeter of the air chamber: 

And ?*even and a half times? H^) the ifiimrtfr of the fone 
main will be the height of the air fhamtier: 

And half the diameter 0^? of the force mam wll be the 
diameter of tlie opening into the bottom of the air chamber. 

Such air chambers should be cockstmcted along the fines of 
finct clum boiler work and made of $teei plate?: the bottom wb»e 
it change*^ froni itfi inlet opening to the fuD siie of the air chani- 
ber could Ije rnarJe of ca«t iron for the smaller ones, and of 
cant 7*teel for the larger ones; although if desred the bottom could 
be fonned of the steel plate similar to the flanging of a boiler 
head, the top in all ca.*<es to be of steel plate like the top of a 
ffteani boiler dome. 

With this rule an air chamlier would be according to the fol- 
lowing table : 
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18 


48 


72 


30.0 


24 



The Htrength of such air chambers would have to be calcu- 
lated according to steam boilers for thickness of plates, or as 
follows : 

Multiply the pressure to be carried in the air chamber by 
the diameter in inches, and divide by 2, and this will give the 
bursting strain against the metal for one inch in length; then 
divide this result by one tenth of the tensile strength of the 
steel plate per square inch, and the result will give the proper 
thickness of plate to be used. 
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What tbickness would lx> necessary in tlic wk'el plates for a 
sir chamber 36 inches in diameter to hold a pressure of 100 
lbs. per square inch? 

100 X 36 = 3,600, which divided by 2 gives 1,800 as tlif 
strain put on each inch of length of the air chamber, and what 
one inch will stand it will all stand. Good steel plate will 
stand 60,000 lbs. per square inch of section before parting, 
but for safety a margin of 90 per cent is allowed, reducing the 
actual strength reckoned upon to 6,000 llw. per square inch. 
Then 1,800 divided by 6,000 will give three tenths fO.3) of an 
inch as the proper thickness of the jilates for making the air 
chamber. This may seem like a liberal margin for safety, but 
the writer has seen water ram in mains send the pressure ujc 
from the normal pressure of 110 to the ram pressure of 350 lbs. 
per stjuare inch, which would leave a mar^n for safety of only 
2.85 to 1 with 60,000 steel and a thicknets of 0-3 of an inch 
for an air chamber 36 inches in diameter. 

The mention of water rams and shocks in force mains natu- 
rally brings forward the subject of check valves, which are 
generally placed in the line of the force main just outside of 
the main pumps of a water works engine. Check valves at 
times have their uses, but cannot be looked u|x)ii with favor 
under heavy pres-ture and with long force mains, where an 
extended "slug" of wat^'r is in motion away from the engine, 
for the reason that there is plenty of evidence that such mains 
have been caused to leak and even burst open by the reaction 
of the water column when the engine has Ixen .sftopix-d a little 
too quickly, and the water column in reversing find-s a sud- 
denly closed check valve against it instead of the air chamber 
ca'^hion which ought to tx' there for just such occa.-'ions. 

In two plants in difTerent places, recently enlarged, one 
with a force main 14 miles long, and the other about 7 milis 
long, there had been shown considerable distress in the matt<'r 
of joints of the force main peisist^ntly leaking, with occasion- 
ally a break tn the main. At different times and of cours<' 
without any connection with each other beyond the facts of 
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fliinilar conditions existing, these troubles took {dace from 
time to time, when the idea occurred to take out the internal 
deta'ls of the check valve at one of these plants, leaving noth- 
ing but the shell, and making of what remained of the check 
valve r(»ally a portion of the main. This gave the force main 
th(» lxMu»fit of the air chambers of the pumping machinery to 
react upon, and the n^sults were most beneficial, in fact so much 
so that when a new and large additional pumping engine was 
installed, the check valve was omitted from the outfit; but 
then» is a regular stop valve which can be closed when neces- 
sary and s(»ems to an^^wer all purposes. 

Willi the oin'ssion of the foot valve also, this addition to the 
plant alx)V(> referred to, seems to be flying in the face of all pre- 
cedent, l)ut in this as in other plants it has been fully demon- 
strat^nl that under fairly good conditions easily obtainable in a 
gn»rtt majority of cases, there is no need whatever of either 
foot or vhvvk valves Ix^ing attached to pumping engines. Now 
lM)th of the above mentioned plants have discarded both foot 
and check valves, and nothing short of coercion will bring 
tli<»in back apiin into use. It apparently requires some little 
c()urag(» to depart from such a long followed practice, but it 
would s(»em jis though all of the well known characteristics 
of water under pn^ssure favor the omission of check valves, 
which chang(» ctTtainly gives the force main the full benefit 
of tli<» air chaiulx»rs of the engines. If a check valve is used 
for any re^ison, there should be a liberal air chamber attached 
to the main outside of such a check valve. 



CHAPTER XXI 
STEAM PISTONS 

Tt hardly seems necessary to call attention to the very great 
importance of the steam piHtons in a pumping engine, or ui 
any other sort of steam engine for that matter; but it is doubt- 
ful if Denis Papin hsid any idea of the importance of the 
steam piston and the figure it was destined to cut in the world 
when he conceived the idea so many years ago. The piston 
is simply a flat disc or plate with its edges hearing against 
the interior of the cylinder walls, and moving to and fro. back- 
ward and forward, or up and down as the case may be; im- 
pelled or driven by the excess of steam pressure brought to bear 
fiist against one side and then against the other side, by the 
alternate admission and exhaust of the st£ani by meana of 
the valves and their mechanism. 

There are two great things desired of a steam piston: To 
move with the least possible friction, and to keep the steam 
from leaking past. It requires very little pressure of the 
packing rin^ against the cylinder to pi^evcnt leakage, and it 
is a great mistake to endeavor to prevent leakage by setting 
the rings out tight against the cylinder walls. If a piston 
cannot be prevented from leaking by a very moderate press- 
ure of the packing, or with very light spring* to hold the pack- 
ing out, then there is something radically wrong with the 
make-up or adjustment of the piston and its rings. A mo- 
ment's consideration will show that there is no pressure or 
tendency under proper conditions of design and construction, 
that will tend to press the rings towards the center of the cylin- 
der; but it will be shown that whatever pressure there is will 
tmd to hold the rings in the position which the pressure hap- 
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pens to find them in when the steam enters the cylinder. Then 
if the cylinder has been bored smoothly and truly, all there 
is necessary for the springs to do is to maintain the packing 
rings against the cylinder walk with just as little force as ^iil 
keep them there; and this required amount of force is very 
much less than is often produced by unnecessary and thouglit- 
less setting out of the rings and springs. 

Tlie ty|x^ and styles of pistons and their packings are many 
and various, — heavy rings, light rings, broad and narrow 
rings, continuous rings with a single joint, rings in segments 
or sections, rings with all kinds of cuts and laps, and with 
almost every kind and shape of spring. Pistons with one, 
two, three, and even up to five rings have been designed and 
made; and the working stream admitted behind the rings has 
Ix^on used to take the place of metal springs. In fact, it seems 
as though alx)ut all of the possible change and combinations 
in this line that could be made to perform the office of a steam 
engine piston, have Ix^en tried. And although a few special 
cai-es have seemed to demand special arrangements and do- 
tails, the piston which is used in the most, in the largest, and 
in the most econ(MHical pumping engines, is the plain cast 
iron piston with a single cast iron packing ring with one cut 
in its circmnffTence. This ring is made nearly square in sec- 
tion, that is m arly as thick as it is broad, and is held out against 
the cylinder walls by a number of light steel springs without 
adjustment. The springs simply squeeze into place around 
in the annular space Ix^tween the back of the packing ring 
and th(» bottom of the groove into which the ring is carefully 
although not vcTy tightly fitted. The joint where the ring 
is cut to make it self-adjusting and elastic, is closed by what 
is known as a keeper, which is a sort of small flang^ block 
generally niad(* of brass, fitted back of the ring, so that the 
flang(\s of this block fit flush with the ring surface, into depres- 
sions cut into the surfaces of the ring which bear ag^nst the 
piston head and follower. This keeper or block forms a steam 
tight joint, and is held in place by one of the springs back of 
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the ring, or sometimes by one of the ends of two of the 
springs. 

Perhaps as good a way as any to convey ideas upon the 
subject of steatn pistons for water works pumping en^nes, is 
to describe several sizes of pistons for both horizontal and vcr- 

I engines; and therefore reference is made first to Fig. 75, 
tenting a 16 inch piston for a horizontal cylinder. 




Diuneter. 



This piston consists of a main piston liead n ; a bull ring b, 
which accurately fits over a part of the piston head and helps 
to support the weight of the piston in the cylinder; two pack- 
ing ring? «•; and a follower rf; all of cast iron. The piston head 
is snugly fitted to a tapered end on the machinery steel piston 
rod e, and is sometimes ground into place on the rod ; it is held 
in place by a nut on the end of the rod. The bull ring and the 
packing rings are slipped into place and secured by the fol- 
lower, which closes the end of the piston and is secured by 8 
follower bolts J inch diameter and 2^ inches long under the 
head. The bull ring is T-shaped insection, and with the addi- 
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tion of the edges of the follower and piston head, gives ample 
wt'aring surface for carrjring the weight, which is so distributed 
as to bring the pressure per square inch of bearing surface 
down to a very low figure, in this piston not more than 10 lbs. 
|NT s(iuare inch of actual bearing or riding surface. Tlie pack- 
ing rin^ an^ two in number, } inch thick and with one inch 
fa(*(* where they bear against the cylinder bore. This piston 
is of such incKlerate dimensions that springs back of the rings 
an» not iuhhUmI, the rings themselves being made so as to con- 
t^iin a (*(*rtain amount of the spring effect by the following 
tn»atment: 

The pm*king ring which is cast continuous, and with con- 
si(l(THl)l(* st(K'k to l)e taken off in finishing, is first turned to a 
(lia-netcr of \i\{*^^ inches outside, and 15^^ inches inside. Then 
th(» rinj; is cut, and a piece li^^ inches long is removed from the 
eireuinf(T(»n('(\ Then the ring is compressed until the ends 
an* l)r()Uj^ht toj^i^ther, and is turned to fit the 16 inch cylinder; 
this will inuk * the finished ring when releas.^d from the com- 
pression whicli it is placHHl under for the purpos-? of turning, 
I().\ inches dianK^tiT outside, which when sprung into the 
eylin(l(T l)()re, will maintain a very satisfactory bearing against 
tli(* cyliiHler walls. The writcT has used this self-springing ring 
ill pistons jis larjije jis 25 inches diameter in condensing eng'ms 
without the aid of any st'^el springs, or any springs aside from 
th(* tendency of th(» v'm^ its(»lf treated as alK)ve described; in 
rings jis lar^ • as 25 in<*hes, h()W(»ver, an additional ring inside of 
th(» weariiifj; riiij:;, iiia(l(* with th(» spring effect as well, will make 
a l)ett(T piston. 

Th(T(» are two short st(»el pins tightly driven into holes which 
are drilled in the bull ring, for holding the packing rings in the 
sam(» r(»lativ(» position to each other and to the bull ring, and 
prevc^nting tin* eut^ in the rings coming opposite each other. 
There an* also two J inch tapped holes in the bull ring for 
screwing in (*ye-bolts for taking out the ring; two of the follower 
bolt holes through th(» follower are tappc^d one inch, for scrrwing 
in draw bolts; and there are two J inch tapped holes in the 
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!0n head for screwing in draw or saddlt bolts when it is 
deared to take out the piston. 

Rg. 76 illustrates a 23 inch steam piston somewhat of tlie 
same type as the 10 inrh, but in this one ateel springs are used 
for holding out the packing rings against the cylinder walls. 
T^K piston consists of a piston head /, the follower g, the bull 
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ring h, and the packing rings ii, all of cast iron. In this piston 
there are four centering or adjusting screws /, for adjusting the 
center of the piston into its pro(>er place when from wear or 
any other cause it may be necessary or desirable. The piston 
head is secured on to the taper near the end of its rod by a nut 
in the UBual manner; the bull ring i^ made with a loose fit on 
the piston head and is centered and secured in its position by 
the four adjusting screws already mentioned, these screws 
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being provided with lock nuts; the bull ring is of the same 
T-shaped section as in the 16 inch piston, and also helps with 
the piston and follower edges to carry the wei^t; the packing 
rings are separated by the edge of the bull ring, and immediately 
back of the packing rings and between them and the bull ring 
are located a series of twenty-two light steel springs for hold- 
ing out the packing rings; the follower fits closely on the outer 
part of the piston head, holds the bull ring and packing ring^ 
in place, and is itself secured by eight follower bolts, f inch 
diametor and 2f inches long under the heads. 

There are twelve equally distant lugs formed on the inside 
of each packing ring for keeping the springs in place, eleven 
springs for each ring, one of the spaces being used for placing 
the cut in the ring, and for accommodating lugs and pins for 
keeping the rings in proper relation to each other; the packing 
rings are | inch thick and If inches broad. There are the usual 
various sized holes tapped for eye-bolts, withdrawing bolts, 
and saddle for handling the piston, follower, and rings. 

These two sizes illustrate a very good, form of steam piston, 
especially for horizontal cylinders; and this general type is 
sometimes made without a bull ring, but with two packing 
rings rather thin in proportion to width, with their inner edges 
meeting together, and they are backed by one broad ring cover- 
ing the entire backs of both packing rings; the springs are placed 
inside the broad ring and are usually supported on studs with 
lock nuts for adjusting the springs. This latter form makes 
a dangerous piston in incompetent hands, as they are likely 
under such circumstances to get set out hard enough to make 
a great deal of friction, and even score the surface of the cylinder. 

This three ring class of piston with broad wearing or packing 
rings is sometimes made for horizontal cylinders, with solid 
supports for the lower third of the circle, and is provided with 
springs for the upper two thirds, the lower or solid portion 
being adjustable for centering the piston after wear has taken 
place, the springs sometimes made adjustable and sometimes 
not; but the general idea of the device is to provide a piston in 
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Tlorizontal cylinder which as it must ride on the cylinder sur- 
face in any event, needs no bottom adjustment beyond that 
due to wear, and whatever elasticity is needed better be pro- 
vided in the upper sections of the circle. When in competent 
hands this form of piston is very satisfactory, requires but 
little attention, and wears well; it is easy on the cylinder, and 
altogether makes a very good piston. 

Fig. 77 shows an entirely different type of piston. It 18 30 
inches in diameter, 12 inches deep, and this particular piston 




is for the high pressure cylinder of a vertical triple expansion 
pumping engine, but can be used for any other vertical cylinder 
of this diameter, as, for example, a vertical cross compound 
engine. It is made of cast iron, and in this case is solid so as 
to aid in giving the neces,sary weight to the moving parts of 
the engine with reference to balancing a portion of the pressure 
of the water colunm, usual in engines of this type. 

[lie packing is of the single ring variety, made with one cut 
t provided witli a keeper for filling the gap, as already ex- 
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plained. There is only the piston head, one packing rin( 
and a follower; the follower held in place by 8 tap bolts, l\ 
inches diameter and 3 inches long under the heads. The rod 
is made parallel and a tight fit in the piston head, the coDar 
also fitting into a socket, and the rod secured by a large out 
securely sent home. It will be noted that the comers of the 
rod at the junction with the collar are made with fillets sots 
to avoid possible tendencies to fracture at this point. 

The follower is fitted with great care, with solidity and 
security in view; the upper part of the follower fits the top of 
the piston head, and is recessed at the upper corner of the head, 
and again fits for a short distance just above the packing ring: 
this makes accurate and solid work and at the same time makes 
the follower easy to get on and off the piston. TTie packing 
ring is plac<»d within a space but a trifle deeper than its own 
thickness so as to keep it clw^e to its work at all times, and 
prevent it^ l>eing driven in by pressure when coming over 
the counter l)ore at the ends of the stroke, as has happened 
to packing rings at different times, causing mysterious noises 
difficult to lrx*ate: and by way of illustrating this point, the 
>\Titer recalls a very curious experience in this line as follows: 

A new large straight condensing engine had been built and 
installed by a concern which although doing the very Ix^t 
of work, had not had very much experience in large engines. 
This engine^ looked extremely well, worked smoothly so far 
as Ix'arings and connections were concerned, produced beauti- 
ful indicator diagrams, and was altogether a very creditable 
turn-out for the shop that built it. But, just after turning 
each c( liter, top and hottoni, there was a loud thump or blow, 
which, although evidently not doing any particular damage 
so far as could Ik* seen, wa^ most distrc ssing to hear, and most 
annoying to the builders and the buyer. Besides this, the 
steam economy was not as good as it should have been, and 
driving a flour mill, pretty close checks could be made upon 
the fuel consumption. About the only criticism that could 
be made, was, that at times, especially at sliort cut-oflf, the cut- 
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I corner of the diagram was rather too much rounded for 

t appearances and best results. A great de^I of adjusting 

: eccentrics, and ciianging of the valve rods and arms, 

! tried for several weeks, aod in fact for a few months, but 

now and then changing the sound, did not make any 

rticular improvement. The top cylinder head was reiieat- 
' taken off, but invariably everything was found in profx-i' 
But finally it was noticed that the packing rings, two 
1 number, had considerable space back of them, and depended 
rntircly upon the springs to hold them out; and also that tlie 
counterlKire was unusually deep and long, in fact so long that 
the rings overtraveled about J of an incJi. The idea was then 
suddenly evolved that the initial pressure drove back one of 
the packing rings, as it was so far beyond the real cylinder 
bore at the ends of the stroke, until the piston traveled a 
few inches, and then bang! would go the ring against the bore 
as it returned to lis proper place. Some chocks or lugs were 
bolted into the bottom of the groove back of the packing rings 
so as to project between the springs and come within about 
j^ of an inch of the back of the rings, and this completely 
cured the trouble both as to noise and waste of steam. 

In Fig. 77 the springs are made as shown and put into place 
by a slight compression. The entire construction of this pis- 
ton is massive, simple, and effective; the packing ring just 
free enough to adjust itself at all times against the cylinder, 
under control of the springe and with only enough lateral move- 
ment to insure its free action. The load put upon this pis- 
ton by the incoming steam at the beginning of the stroke is 
85,000 lbs. or about 43 net tons; and the weight of the piston 
complete with its rod is about .3,000 lbs. 

Fig. 78 shows a 56 inch pi.-it«n made in general features sim- 
ilar to the 30 inch just described, and differing only as would 
be natural in the larger form. The dejith of this piston is 12 
inches, the same as the 30 inch, and is the intermediate piston 
for the same triple expansion engines to which the 30 inch 
belongs, but would of course answer for any vertical cylinder 
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of 56 inches diameter The follower in this case is only a 
ring with an outside diameter of 56 inches and an inside dia- 
meter of 44 inchea, held m place by 12 tap bolts, 1^ inches 
diameter and 3 inches long under the heads. The sectional 
view shows the piston head to be cast hollow, with seats at 
the center for the piston rod collar and nut, and with bearing 
surface at the outer upper edge for the follower; the rif^t hand 
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shows the bearing of the follower between the bolts, and the 
left hand the bearing at the bolt heads, and it may be noted 
how the follower is cut away at certain places so as to make 
it fit at the necessary points and at the same time be easy to 
remove and put in place. 

The packing ring in this as in the last piston mentioned, is 
very limited in its movements, although perfectly free to 
adjust itself against the cylinder under the influence of the 
springs, which arc located in the small space shown between 
the back of the ring and the bottom of the groove. Tliere 
are 20 steel springs in this piston, quite moderate in their 
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pree8Ure~ against the packing ring, in fact pressing only hard 
enough to keep the sliding contact perfect during the strokes 
of the piston. The plan view shon-s the rib? radiating from 
the central hub to the outer edge of the piston head, for strength- 
ening and stiffening the construction and also bhowa the posi- 
tions of 12 plug^ 4 inches in diameter where the openings were 
left in the head bv the support* for the mam core when the 




casting was made. The necessity for. the great strength 
required in a steani piston may be understood when it is real- 
ized that the net load caused by the steam pressure at the 
beginning of the stroke, on this pi.ston amounts to over 86,000 
lbs. or about 43 net tons. This piston and its rod wei^ 
nearly 5,000 lbs. 

Fig. 79 shows an 84 inch piston closely similar in coastruc- 
tion to the 56 inch piston just described, and has the same 
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depth of 12 inches; and in fact is the low pressure {Mston for 
the same triple engine the cylinders of which are 30 and 56 
and 84 inches diameter, and of 60 inches stroke; but of course 
in a compound, or in a strai^t low pressure condensing engine, 
the same piston would answer. 

The follower of this piston is also a ring with a dianoeter 
outside of 84 inches, and a diameter inside of 71^ inches. The 
follower bolts are tap bolts, 12 in number, 1^ inches diameter, 
and 3 inches long under the heads. The section shows the 
construction and the plan view the location of the stiffening 
ribs, with two rings of core holes, one ring with three inch 
and one with four inch plugs. The construction, fitting, and 
bolting of the follower are the same as in the 56 inch piston, 
and also the general arrangement of the packing rings and 
springs; but in this large piston there are 30 of the steel springs 
for holding out the packing. The load upon this piston at 
the beginning of the stroke is about 53,000 lbs., and the piston 
and its rod weighs about 7,500 lbs. 

These pistons are very perfectly made and fitted up, and 
even with the single packing ring ^ve every evidence of the 
hi^est efficiency so far as concerns the two principal require- 
ments, viz., working with the least possible friction, and keep- 
ing the steam from leaking past while the engine is at work. 
These particular pistons are in the cylinders of a vertical engine, 
so that with no weight bearing upon the interior surface of the 
cylinders, and with such slight springs as they have in them 
for holding out the packing, it can readily be imagined how 
easily and smoothly they must move in doing their work. 
Such pistons are sometimes made as large as 110 inches in 
diameter for low pressure cylinders of pumping engines, and 
from the high economy of such engines, (they hold the high duty 
record,) must be all that can be desired. 

The foregoing illustrations, showing steam pistons from 16 
to 84 inches diameter, really cover about all that would be 
necessary in producing pumping engines, small and large, hori- 
zontal and vertical; and these samples are taken from actual 
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engines with which the writer is familiar and has had to do in 
ordmary practice; such engines have been built and are run- 
ning in regular daily service with perfect satisfaction. Of 
course, different designers hold various views about pistons; 
so they do about many other details; but it goes without saying 
that simplicity, strength, and effectiveness are very much to 
be desired in this class of work. 



CHAPTER XXn 

STEAM CYLINDERS 

The proportions, design, construction, and arrangement of 
the steam cylinders of pumping engines have attracted and 
received a very large share of the attention devoted to the 
production of such machinery. And deservedly so. For the 
steam cylinder is really the heart of the engine, with the strokes 
of the piston representing the life beats of the system. The 
great study has been to get the steam into and out of the cylin- 
der with the least amount of loss, and the gieatest amount of work 
possible to derive from the heat supplied in the form of steam. 

Strictly speaking, a proper cylinder is nothing more nor less 
than a peifectly round barrel true to the circular form and of 
the same diameter at all parts of its length. But there are 
numerous ways of construction, and of securing the cylinder 
in its place so that the piston may do its work in the most 
advantageous manner, and with the least practicable amount 
of friction in its movements. 

Before the steam jacket came so generally into use, the con- 
struction of a steam cylinder was a reasonably simple part of 
the founder's and machinist's art. The steam jacket has been 
known a hundred years or more , but before the idea had been 
well grasped by steam en^neers and steam en^ne designers 
that the heat was the vital factor, and not the mere brute force 
of the steam pressure displacing a piston, nearly if not quite 
all of the cylinders were made without jackets, the protection 
of the outside surface against outward radiation seeming to be 
all that was thought to be necessary. For very many years 
the steam pressures were low and the internal expansion of the 
steam within the cylinder was not carried out to any very 

28S 
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great extent. But with high pressures and high ratios of ex- 
pansion, it can be plainly shown that the entire question is one 
of heat ex]wiided in proportion to work done, and tliat instead 
of this brute force pressure froni the boiler to the piston, tlie 
steam is only the means by which the element we know as heat 
is carried from the place of coinbastion in the boiler furnace 
to the place of being converted into mechanical energy or 
k, within the engine cylinder. One of the clearest and 
most interesting demonstrations of the real cause of the power 
of steam as resulting from the use of lieat, is given by a steam 
jacketed engine wlien its revolutions are increased or dimin- 
ished by manipulating the jacket steam only, and inde|}end- 
ently of the steam going into the cylinder barrel where the 
piston is at work, the load, and all conditions of admission, 
Btean] pressure, and cut-oft remaining the same. The greatest 
economy in projjortion to the work done can only be obtained 
by a proper proportion between the amount of steam admitted 
into the cylinder bore, and the amount of steam admitted into 
the jacket space; but the fact that heat conducted or Kent 
throu^i the cast iron walls of the cylinder, from the steam in 
the jacket, will increase the mechanical work done by the 
engine, shows very clearly tlie real cause of the energy indicated 
by the engine. In other words, the question is in using steam 
jackets, how much of the steam shall we expend in the jackets, 
and how nmch shall we expend within the cylinder itself to 
obtain the betft results? 

Tliia question natnrally enougli leads to a very serious and 
Btudious consideration of the arrangement of the steam jacket; 
ita formation in practically making the cylinder, and the means 
of keeping the jacket space steam tight, under control, and 
supplying it with steam. There is little or no reason to doubt 
that in engines of fairly good size, say with 30 inch high pres- 
sure cylinders, and correspondingly large intermediate and 
low pressure cylinders if triple, and low pressure only if com- 
pound, the jacketing ot the cylinder lieads is extremely impor- 
tant, and in fact moie valuable than in jacketing at the sides of 
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the barrel, for reasons already explained in the chapter on steam 
jacketing. But for all that, the practice is generally to pay a 
great deal more attention to jacketing the sides and not the 
head'j, prol^bly for the reason that the sides are easier to 
jacket; and the question of the real economy of the steam 
jacket Is not a.< a rule very thorou^ly looked into. It is also 
ver}' important to have steam jackets designed so as to obtain 
effective circulation of the steam or hot water as the case may 
be, and also to have arrangement so that the circulating may 
be absolutely controlled at will so as to adjust the work of 
the jackets to the best performance of the engine. Steam at 
boiler pnssure is generally admitted into the jacket of the 
high pressure cylinder and the piping arranged accordin^y; but 
it has lx»come evident that the condensation from the hi^ 
pn»ssun* jack( t consisting partly of hot water and partly steam 
at a low pn ssure will give the best economy in the jackets fol- 
lowing the higli pressure; and it is also e\id€nt that when the 
hU am is pijXMl so as to go into the intermediate and low pres- 
sun* jackt ts at anything like* lx)iler pressure, there will be a 
loss instead of a gain in the total o[x?ration. As an example of 
an excellent plan of jacket pressures and connections, where, 
however, the cylinder heads were not jacketed aside from the 
steam which passed to and through the valves situated in the 
cylinder heads, the following may be noted: 

Pressure in high pressure jacket, 151 lbs. main steam pipe. 

Pressure in intermediate jacket, 40 lbs. 

Pressure in low pressure jacket, lbs. (Atmosphere.) 
Jacket pipe 1 } inches, from the main steam pipe to the top of 
the barrel of the high prc^ssure cylinder, and out at the bottom 
of the jacket space. A st(^am trap at the bottom of the hi^ 
pr(»ssure outlet pifx^ delivers the water of condensation to the 
pifx* leading to the top of the low pressure barrel jacket. 

A branch from the high pressure outlet, between the steam 
trap above referred to and the high pressure jacket, leads to the 
top of the coil in the first receiver, the pressure being regulated 
to suit economy; the outlet from the bottom of the first receiver 



coil leads to the top of the int^rinrdiate jacket: then from tlio 
bottom of the mtcnnediate jacket to the top of tlie low pressure 
jacket; Uie final outlet fraiii the low pressure jacket k'flds to n 
water seal in tlie baeeraent, tlie pn ssure bi'ing so low that no 
steam trap is needed on the low pressure outlet. 

The drain from the body of the first rectiver and a small 
portion of the working wteani, enough to ensure all of the water 
leaving the receiver, is sent to the top of llie coil of the second 
receiver; and from the bottom of the second reciivcr coil to the 
top of the low pressure jaeket- 

In coming to the inatt<T of actual construction and opera- 
tion, the factor of expansion of the iron of which the cylinder 
is made comes in for a great deal of attention, and it is pretty 
safe to say that in proportion to benefits derived, there is no 
detwl of a ateam engine which has given so much trouble, 
expense, and annoyance as the steam jacket. There arc several 
ways of forming the narrow annular or circular space around 
the stearn cylinder which constitutes the jacket space, but 
perhaps three metliods will cover the greater portion of the 
actual practice in this line. 

First: The casting of the jacket and the real steam cylinder 
in one piece, by making a steam cylinder to consist of two 
shells separated from each other by the jacket spac#, and held 
together and in proper relation by means of a aeries of ribs 
which form a part of the casting, and permanently connect the 
two shells together. In such a plan, openings at the ends of 
the cylinder, which are sometimes formed opposite the jacket 
space, necessary for the support of the cores which form the 
jacket space itself, are either plugged after the cylinder is fin- 
iflhrd, or left open, or a portion of them are left open, so that 
the side jackets, and the head jackets when such are used, may 
have free circulation of steam. Sometimes, where the cylinder 
heads are let several inches into the ends of the cylinder, so 
as to fill up the space between the st«am ports and the cylinder 
ends, the barrel and head jackets are entirely separated by 
_^B position of the eons, and the clrrulation of steam is accom- 
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plishod by means of properly con»ectc<I pipes outsido of Ifit- 
cylindiT and heads. Fig. SO and Fig. 81 
show sections lengthwise of the steam 
cylinder with a steam jacket cast od; 
and also a cross section showing the cir- 
cular space between the inner and out^-r 
ahells of the cylinder. In these figuivs 
both the sides of the barrel and thf 
cylinder heads are steani jacketed. 

Second: The making of tlie main shell 
of the cylinder containing the valve 
seats at each end, as a separate casting, 
and the inserting within this main cyl- 
inder casting an inner shell which fomiB 
the real cylinder in which the piaton 
works. The inner cylinder only is 
bored, but there are bearings or fitting 
places at each end of the main casting 
for securing steam tight tlie ends of the "i. ••■ - >«7n9idi S(mb jutoi 
two shells together, and thus forming -^" ••?"*•*«« »l" CTli«i«. 
the regular circular space for the steam jacket. fSce Fig. 82.) 

The cylinder heads in this form of construction arc amm- 
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times jacketed and sonictiiiies not; and tlie general arrange- 
ments of connecting the circulation of the jacket st*'ain are 
similar to those for the jackets shown in Fig. 80 and Fig. 
SI. In tlie form of jacket construction shown in Fig. 82, the 
cylinder wlien planned for having its valves across the cylinder 
heads, as is found in important and large engines, is simply a 
plain flanged barrid of caet iron, fitted with an internal banel 
for forming the (?ircular space; both of theae barrels finished 




Tif. U.— Bottom CyUndeT He»d with 
Bqvold* 8le»iii J*Gket. 



Fif . M. — Bnlar^ Section of Dppor 
^ai of Cyllndsr ud Jacket. 



flush at one end with a flange cbnmion to both for bolting on 
the cylinder head at that end,' usually the free or outer or 
upper end of the cylinder. The end of the cylinder next to tlie 
engine frame, or what might be called the inner or lower end 
of the cylinder, is arranged slightly different from the other 
end: the mjun, or inner, or working cylinder, is formed with 
a flange which is arranged for Iwlting to the Ixittom cylinder 
head, and then the outer or jacket shell has a flange which is 
fitted on top of the flange of the -working cylinder, one set of 
studs secured in the cylinder head pa-ssing tlirough both flanges 
as shown in Fig. 83. Fig. 84 shows an enlarged section of the 
)er or outer end of the working and jacket shells. 
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In this form of oonstnictioD, which is the most tvnmd for 

both sm&U and large en^es of the better class, all of the steam 
and exhaust ports, valve chambers and seats, steam chests, 
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tig t6 — iMtim of C7Ub«« witk CorliM TaWw 
ete , are contained uiUim the cylinder heads (See Fig. 85 for 
sectional vientt of >*ucli cylinder heads, fitted with Corliss valves.) 
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Fig. 83 shows a complete section oi thb type of steam c^in- 
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r with side pipes for steam and exhaust arranged with cxpan- 

1 joints, to compensate or allow for unequal expansion and 

ntraction which is bound to bf present in any construction 

Diploying several different pieces of metal fastened at their 

ends to the same terminal members, and where it is absolutely 

necessary to maintain steam tight joints. 

In this form of cylinder the working and jacket shells are 
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ally formed into one complete barrel, expanding and con- 

icting alike; but the steam ami exhaust pipes are not only 

; different temperatures and p]essurcs from the cylinders, 

jot also different from each other. Hence, the rather coin- 

icated, but extremely efficient, scheme of construction. 

[ Fig. 87 shows a section through the steam chest at the ccn- 

r line of the valve circle, and indicates the ribs for strength- 

l^ing the flat surfaces, also showing the location of the sttam 

I exhaust side pipfs which distribute the incoming steam 

» both ends of the cylinder and take away the <'xhau»t; the 

Etreme outt'r flanged nozzle showing where the connections 

; made to the main stfam pipe, a receiver steam pipe, or 

exhaust pipe, or a pipe to the condenser, according to the 

class and cluu-acter of the cylinder oi' engine to which it bi tongs. 
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Where poppet valves are used for the low pressure cyfinder 
of a triple expansion pumping engine, for the purpose of re- 
ducing the clearance or waste room at the cylinder ends to the 
lowc'st ix)Rsible amount, the general construction of the cylin- 
(Icr and cylinder head is the same as already described, but 
of course^ the steam chest is very different from that of the 
Corliss type of valve. The idea of poppet valves is to have 
th(*m close flush or even with the inside surface of the cylinder 
head so that when the sUain and exhaust valves are closed, 
tlu^M' will be no waste room on account of steam ports, as the 




Fig. 8$. — Poppet Yalvw CloMd. 




Fig. 89. — Steam and Sxhaoft Yalvw off the Beate. 

only port is the circular op(»ning left by the poppet valve when 
it heaves its seat. Th(»rc* is the clearance between the piston 
and the cylindcT head, but this is brought down to a very small 
amount, and is in fact about all the loss of steam there is. The 
general idea may be understood by means of Rg. 88 and Fig. 
89, th(* former showing in a simple way the position of the 
poppet valves when closc^d, and the latter showing a steam 
and exhaust valve off their seats; the steam valve opening 
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away from the interior of the cylinder, and the exhaust valve 
opening into the cylinder, it being remembeied that the ex- 
haust valve opens when the piston is at the opposite end of 
the cylinder fiom the particular valve opening, and will close 
before the piston teaches it on the return stroke ; it will also be 
observed that even if the exhaust valve stem should stick 
in the packing or anything else hang the valve open, the pis- 
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ton will push it shut without doing any damage. The steam 
valve opens away from the cylinder and will n<-v<r inteifere 
with the piston. 

With the Coiliss type, even when the valves are placed 
across the cylinder head, the ports which carry the steam 
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through the head- into and out of the cylinder represent waste 
space that must be tilled with steam at each stroke of the pis- 
ton. Fig. 90 and Fig. 91 illustrate these points, and the 
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Tt-r-^ ^irv ytiz fahL-«< vrkh do not exist at all with the pop- 

> - rr •{ -s^-r^ Iz, "i/r preaHire or intermediate cylinder, 

- s - \"^zji\- fzfr z*:ci' •:< fkaroea g does not matter so much 

• •••i^r^ :j:r <Crazi i? .i*\i aeain in the low pressure cylinder; 

-.> !A:>r :vL;z?>:r s^&is its steam to the condenser, and 
**.-:- scifcLV r_>«: iz. :h55 c}"iinder represents a certain loss 

Vi,. 7\- ■■•-i.-^ V. :>:c: 3 :o 5 per cent of the cylinder vol- 

• . :• - ir:ii.>~:lv i:rr:io: verv much attention or adverse 

- • • -" ^^ -sis:- r.vc. "r--: in the li^t of experience the waste 

• " is >Tr. ir*.: Jklly rvdisor-d by different arrangrmcnts of 

-• A" •■ .!.••> iT'i 7«:-:5 ur.::: now the extreme refinement in 

• - :.--;v : :a5 *:"- u^/. :h»" waste room down to 1\ per cent 

^^ :-^^>..> :}L7'>r^. aiKi O.S per cent in low pressure 

- > ->i ;: :v:v.".:r-.:» rir.r^: and to 1] percent in high press- 

'* :v- >. : : .r. ir.:? rr. ^vliate. and 0} per cent in low press- 

.^ ;■■ : > -^ • v":'x •: xransion engines. There is no special 

* .sv *' ■■•"'. :" > : :v.:vv.:' is a:v not calculated as closelv as the 
::: -< >>.:•: : - .-.• vAr^r.: Lita that the compounds are not 
•»;:v.".:- i s- ■ < • :.":. irv-p^r^ance as the triples, and are to 
:\ -:.s:r r\: v: * -.-.v : i.r.itT special conditions where for 

- • '. r.v'H : < :: .- : .: c r.fi.ifr^d mx^ssar}' or desirable to go 
: ^ : -: * :•!>. : * :< - o <: m thr triple n^achine. 

ri.' v\\*.::. ii: *: t ;■ i j \:::> ar.vi the piston rod packing has 
i>t:: crHviu.^il'v i" ; r^^V: i :i:". i brought to a great degree of 

> r:\o:^r. ::-. :*:> m' !:\:vr viavs of construction in the endeavor 
:.^ rxvluiH- li:ik;\ci> :»r.v: nrairs to the lowest terms; and prob- 
aMy ti.o Uisiro to i \ot 1 by builders of pumping engines for 
n.iinioi|vil waur works, l.as Uon the greatest incentive to 
Utit r and Utior wv^rk. Mill engines and electric railroad 
t^ngint^s do not s<H^ni to otTir the inducement to excel, piob- 
ably IxTauso their jxTforniance cannot, in the nature of their 
load, Ix' so minutt'ly dettTniinod as in the case of piunping 
machinery, when* the load can Ix^ brought to a constant quan- 
tity for any reasonable length of time for testing purposes. 

The lower heads of vertical cvlinders, and the inner heads of 
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rizontal cylinders, are strongly ribbed and made in special 
forms where they are bolted to the engine framing, this portion 
of the work of course being very important as the entire thni-st 
and energy of the machine is alternately pushing and pulling 
upon the place o{ connection, constantly changing in intensity 
and degree as the pressure changes from initial to terminal, 
The clothing or covering of the steam cylinders to protect 
them from the loss of heat radiating from their outer surfaces, 
has long been recognized as a vital matter, and nowadays has 
been brought to a systematic and effective point. Probably 
one of the very best methods is to apply a plastic covering of 
some asbestos or magnesia mixture directly upon the heated 
iron, to a thickness of about 1 ( 
inches, and then outhide ol thi 
place two thieknesses of J mch liair 
felt. Outside of this comes the 
lagging or ornamental covtrmgof 
steel or wood, partlj for appear 
snccsand partly for the piottction 
of the non-conductmg mateiia! 

Third: The makmg of the mm r ^ 
or working cylindei m which the W^ 
piston operates in oik complete g~ 
barrel, but with the outer ^hrll 
which forms the steam jiektt m 
two parts. These tiio paif of thf 
outer shell are cast solid with th( 
working cylinder at each end of 
the latter, but terminate a little 
short at the middle of thi lengtli 
of the cylinder so as to lea\e a gip 
in the jacket cylindei with the 
edges free. The opening so formed ^^ ^__ 
ia closed steam tight by a copper 
expansion joint, the result being that as the inner or working 
cylinder expands and contracts by heat or the lack of heat, the 
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jacket cylinder can accommodate itself on account of the curved 
copper joint shown. (See Fig. 92 for the general section of the 
cylinder showing the working barrel and the jacket barrel ; also 
see Fig. 93 for an enlarged section of a portion of the copper 
joint and ends of the jacket barrel.) This corrugated copper 
band forming the expansion element for the joint is secured 
in place with great care, by using two rows of comparatively 
large tap bolts at each side of the barrel opening; it is bolted 




Fig. 98. — Enlarged Section of LeaTitt Steam Jaelnt. 

Very firmly down, metal to metal, and caulked at the edg^; 
the copper band being spun from a complete piece of metal 
and with no joint in itself. This expansion joint for a steam 
jacket has been found to give good satisfaction and is both 
scientifically and practically correct in its idea. 

In this particular form of steam cylinder the valve or steam 
chests are located across each end at the side of the cylinder, and 
are arranged for flat gridiron sUde valves, the valve seats being 
independent and bolted in place. Many attempts have been 
made and much money spent in machining, fitting, and scrap- 
ing such valves to make them absolutely steam ti^t under 
working conditions, in some cases the work being finidiied 
with the cylinders hot so as to meet any distortions which may 
come from unequal expansion of the metal. Many cases have 
been observed in connection with certain details of steam machin- 
ery, in which the metal did not maintain the same form after 
being heated as it had when it was cold, especially where flat 
surfaces were being dealt with; such as these valves and tiieir 
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*t6 have. The skill and (|uality of the i 



: sometimes put 
upon these flat gridiron valves and seats no doubt represent 
the highest art of the machinist, and the valves are made 
perfectly tight under steam and apparently remain so for years. 

But l)e this as it may, the record for the highest steam econ- 
omy is not held by engines fitted with this flat sort of valve, 
but with a combination of Corliss and poppet valves, and with- 
out such refinements and expensive niceties of workmanship 
as is often devoted to the gridiron slide. The only reason 
possible tx) apply to such a state of things, is that with the 
absolutely steam tight slide valves tliere goes an abnormally 
large amount of clearance or waste room on account of the 
[X)sition in which it is necessary to place such valves so a^ to 
provide enough inlet and outlet for the steam. All engines 
must have some clearness between the piston and the cylin- 
der head, but the poppet valve wipes out of existence all other 
foims of waste room, and no other form of steam valve does. 
The low piessure cylinder being the last cylinder, between the 
boiler and the condenser, under its very moderate pressure 
it is possible to operate large poppet valves and theii' mechan- 
ism; these valves also being quite easy to grind to a steam 
tiglit fit upon their seats. A pumping engine b'ing so pro- 
vided with such valves at the final outlet can afford to use 
valves in the other cylinders which perhaps may not !«■ aa 
perfectly steam tight as some other forms, although the Cor- 
liss valve properly proportioned and fitted comes pretty near, 
to say the least, to being a steam tight member, and coupled 
with this is the fact of its very low amomit of waste room 
when placed across the cylinder liesd. 

With this third form of jacket application in making the 
cylinder ca.sting, any and all of the forms of valves, side pipes, 
and steam connections may be used, that are employed with 
either of the other forms mentioned above, although for an 
acceptable piece of work the second arrangement and con- 
struction would be the least costly. The matter of coveiing 
and lagging would vary only according to the construction 
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and arrangement of detail of the different forms of steam 
cylindns. 

The quality of the cast iron and the accuracy of the boring, 
are factors in the construction of steam cylinders not easy to 
overestimate, and very likely do not receive the careful atten- 
tion which their importance deserve. Cylinders should be 
made of strong close-grained tough iron, rather hard ; in fact, 
if not brittle, just about as hard as they can be conveniently 
lx)red, and if they could be chilled and finished by grinding, 
so much the better, although if such work cannot be done 
and managed so as to be reasonably low in cost it might not 
pay. At all events, the actual work upon the cylinder bore 
is such a small percentage of the total work upon the engine, 
that it will pay to give it some special attention when the 
life and economy of the engine is considered, and when it is 
also considered what it means in the way of work and expense, 
stoppage, and annoyance, if it should become necessary to 
rebon* the c>linders of an engine. In the construction of 
{)umping (»ngin(*8, where high efficiency is looked for and where 
conscMiuently the clearance of the pistons at the ends of the 
sti()k(* must he elost^ly figured, the boiing of the steam cylin- 
ders Ix'eomes almost a fine art. The inside of the cylinder 
heads must Ix^ faced off to a true and smooth surface; the pis- 
ton must be finished to an accurate thickness and accurately 
turned and faced so that the distance between the faces of the 
cylinder heads, will Ih» equal to the length of the stroke of 
the engine plus the thickness of the piston and twice the 
d(»sired el(»aranee: and this clearance in quite large cylin- 
d(»rs is sometimes brought down to J of an inch at each 
(»nd of the cylinder. The counterbore is a detail of cylinder 
l)oring not always appreciated, and to be correct :hould 
be carried to a point that will allow the packing to just nicely 
ride over the ends of the real bore, not more than J of an inch, 
and closer than this even dowTi to tV of an inch is some- 
times figured and carried out in this portion of the work; in 
fact plans are sometunes drawTi as fine as ^^ ^' ^^ ^^ ^^^ 
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the overrun of the counterbore by the packing ring at each 
end of the cylinder, but it is very doubtful if such fine calcu- 
lations can be canied out by even the most skilled workmen, 
when the making of joints and the changing of temperatures 
are considered. By an adjustment for length of the piston 
rod where it is secured in the cross head, the actual clearanco 
between the piston and the cylinder heads may be brought 
down to a very fine point, and evenly divided, with tempeia- 
ture allowed for, by skillful men; but to have the overrun 
at the counterbores any ceitain amount and equally divided, 
at the same time, is calling for work almost if not quite out- 
side of human accomplishment. The object of the counter- 
bore is to allow the packing of the piston, that is, the ring or 
rings, to clear the ends of the real bore at. each stroke and so 
avoid wealing shoulders in the cylinder surface, which would 
make themselves felt and heard when the length of the con- 
nections happened to be changed by taking up lost motion 
from time to time. 



CHAPTER XXm 



CROSS HEADS 



One of the details of a steam engine, and especially of a 
pumping engine, that is not very much noticed or apparently 
thought of, is the cross head. But, as it is the connecting point 
between the working parts of the steam and water ends, it is 
really a most important detail in the operation of the machine. 
In horizontal, low duty, direct acting water works pumping 
engines, that is, non-rotative engines of the Worthington 
type, the cross head acts only as a medium for connecting the 
ends of one, two, or three piston rods, as the case may be, to 
one plunger rod; one cross head and one set of rods at each side 
of the engine. In the regular machine as built on the original 
lines there was one high pressure piston rod, extending towards 
the water cylinder and entering the cross head where it was 
secured with a substant'al key. Then, back of the high pres- 
sure piston the rod extended through a sleeve situated in a head 
between and conmion to the high and low pressure cylinders, 
into the low pressure cylinder and was secured to the low pres- 
sure piston. 

The plunger lod was keyed into the cross head and extended 
toward and into the water cylinder where it was secured to 
the plunger by a nut or key according to the construction and 
size of the plunger. Later, the heads between the high and low 
pressure cylinders were made solid, and there were two low 
pressure piston rods for each low pressure cylinder, and, extend- 
ing from the low pressure pistons through sleeves alongside 
of the high preasure cylinders, were carried towards the water 
ends and secured, generally by nuts, one for each rod, to oppo- 
site ends of forged wrought iron or steel cross heads extending 
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crosswise of the machine. In some makes of this type of pump- 
ing en^ne the cross heads were made of steel castings insU ad 
of the forgings, the principle of use being the same and the 
principal difference really being in the finish, as the forgingH 
were generally finished and polished all over, while the steel 
castings were only finished at high paits. The plunger lods 
were connected the same as in the single cross heads already 
described. 

In both of these forms of cross heads, the weight and that 
of the rods was carried upon the guide bars by means of a brass 
shoe attached to the under side of the cross head. Th(» valves 
motion for the steam cylinders, and the air pump Ix^ams wen* 
driven from these cross heads, and the entire design was v(Ty 
substantial, neat, and effective. ^Vhen the high duty Worthr 
ington pumping engine made its appearance and was re(luc(>(l 
to a regular and commercial form, the general plan was r(»taine(l, 
and the cross heads in addition to their other duties, carried the 
bearings for the compensating plunger heads, but the guidcis 
were verj- materially changed, and instead of a com{)arativeIy 
li^t prder casting located just below the renter of the 
machine, the guides were formed within the massive east iron 
frames which replaced the polished wrought iron distance bars, 
used in the older machines, as framing between th(» sl.eam and 
water ends. Fig. 94 and Fig. 95 show thes(* cross heads, of the, 
original and the later forms of the non-rotative pumping en^'Jne. 



-#: 
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lif. 94. — CroM Head of Early Worthiiiffton Engine. 

In the first form of the Gaskill pumping engin(», built by the 
Holly Manufacturing Company, the cross hc^ids were of the 
locomotive type, sliding upon square bars, these l)arM iiImo 
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assisting in stifFeniDg and holding the machine together. The 
sliding portion holding the adjustable shoes was located iUx>ve 
the jaw contmning the cross head pin for the high pressure 
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link journal; and below the wrist pin for the low pressure cross 
head; thus leaving the ends of the connecting rods and links 
free, clear, and very accessible. In the lat^-r en^es of this 
type the open framework, somewhat similar to that of its non- 
rotative rival, which marks the earlier machines, gave way to 
cast iron girder frames in which the guides were formed; and 
the cross heads then took on a different form from the originals 
to conform to the changes in the framing. In these later cross 
heads, sliding blocks in each frame supported forged croes 
pins which were simply prolongations of the regular cross head 
pins. With the later cross heads, the main connecting rods 
were lengthened so that instead of working upon pins at the 
tops of the vertical rocking beams, they worked upon the pins 
secured in the cross head, above described. This change gave 
a longer connecting rod without lengthening the engine, but 
chuiged the motion so that the compression in the steam 
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cylinder at the closing of the exliauet valve, and at the moment 
the en^ne paased the centers, was less effective for smooth 
running. 

Fig. 96 shows the early and Fig. 97 the later cross head of 
this type of machine. In the older tj*pe the high pressure cross 
head was keyed to the piston rod, and pi'ovided a wrist pin 
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for the link which carried the power to the top end of the rock- 
ing beam, and so the high pressure cyhnder had no direct drive 
upon the water plunger, but its power was partly trans;nitt£d 
to the fly wheel through tlie connecting rod which coupled to 
the top end of the beam also, by a forked end; and partly to 
tlic lower link which carried the power from the rocking beam 
to the plunger rod. The low pressure cross head was formed 
so as to receive two piston rods from the low pressure cylinder, 
and between the hubs int<j which these rods were secured, 
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KtKT ne ioBUnl tfat wrist {hd for coDDecting the lower boun 
.jzx airpady laentioDMi; the drhv from the low pressure i»steB 




:ho p'.imgiT as the plunger rod was kej-ed into 



.<•:< r i-::c.r^^. the hi^ pressure {nston was keyed to 
-.^-.v; .V S :,iT>\ but ihe guide bar just above the cross 
.v".:"tAi. .-i:. i the guide* were fwmed m the cast iron 
" ">.:..■;. ■ ' k iho place of the round bars; a jaw was 
: ■■ ■ ,-r^.vs ;,oad which took the end of the coooccting 
■",■." l;::k. ainl the Unk eoiuiectioD to the rocking 
■..■*,: ■>>■ twM lir.k* one at each side of the cross head 
«::':■. ;.>.:r::a'.~ s* the outside of the beam; this did 
:■•.;■ :,rk ir..ii\i connecting rod, but made two links 



\:\ :':w !-.,>ri:.v.;;i;, .t.^* C(»mpound pumping en^nes, which 
':::■,%,• r.'w ;i;;;ii:u\i ;;.o diiniity of a pronounced type, as 
;- .'■.-.c-.: ,K\: \-y t:-..- AlH^-t'halmers, the Piatt Iron Works, 
; ;i.l Sii.iw t.\:v.j\ini», tho crt.*ss heads are quite different from 
i!\>w ulii'.iiiv ,ifs,'; iNd. In these cross compounds, the cross 
lu'Htls .-in' t\ir::iid with jaws for taking the coimecting rod, and 
trsvcl on puidi-s iti tho lower part of the frame in the first 
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stH'uring distsnoi' rixis 



iii:ini'S. lilKTal hubs being provided for 
which extend past the crank shaft and 
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P^sponding hubs iii the plunger cross head, these 
dietance rods being placed diagonally with reference to the 
cross section of the en^e, one rod above the shaft and back 
of the crank, and the other rod in front of the crank below the 
center line, thus forming a rigid drive from the steam pistons 
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to the water plungers directly through the cross head. This 
makes one of the most direct acting crank engines possible to 
devise, as the surplus work of the initial steam is sent straight 
into the fly wheel, so to six-ak, and when the wheel gives back 
the work in equalizing the exparwion of the steam, the con- 
necting rod sends it straight to the cross head and so into the 
plunger. 

Fig, 98 shows the general eonstriiction of the cross head 
of the cross compound horizontal pumping engine. 

In vertical pumping engines, the conditions and applica- 
tions of the power to the work of pumping are considerably 
changed from those of the horizontal machine ; although the idi a 
of trimsmitting so far as possible the work of the steam pistons 
directly to the water plungers is carried out rather better in 
the vertical machine's. The Worthington type is for the most 
part, the horizontal machine stood upon end and the moving 
parts balanced against gravity by means of air pressure within 
what is caQed the balancing cylinders; there being no cranks 
and connecting lods attached to Uie cross head, of course the 
advantage cannot be taken of balancing one side of the mechan- 
ism against the other, as would be possible with a vertical 
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crosB compound engioe ba\'iiig ctwUes appoalie cadh other, 
ur with a tri(4e expuisioD hA\'ing cranks 120 digites apait. 

Thff Worthington vertical en^ne has bc^n built moedy 
of tlic hi^ duty class, and the cnsB heads besides fo-ming 
t!u- iL-nial medium for joining the steam pist<»s and the water 
(ilungpr roda, carry the bearing for the journals <A the com- 
Itenaator plungers; the cross heads being guided at each end 
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by flpfcial (luiilf rastings wcured to the franing bclor.- the 
l»*)tt<nn licails of till- low picssun? cylinders; the main framing 
iK'ing entirely iiuleiM-ndeiit of the guides. From the outer ends 
of each cross head tlierr arc driven the various side rods whi h 
give motion to the steam valve gear, each cross head operat- 
infi the main valve motion for tlw opposite set of cylmders, and 
the cut-off iiie('hanism for it.- own set of cylinders. This cross 
head is shown in Fig. 99. 

In the vertieal, t.iple <-xpansion, and cross compound, crank 
and fly wheel pmnping enjanes, at fiist, fifteen or twenty yra;9 
ago, forged iron ami stetl cioss heads were used, but of late 
ycara «t(el castings have been intioduced, and as the latter 
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tur tho Ibfis costly to fit up, wltli the present day facil ties foi- 
getting good annealed steel castings, they will piobably hold 
the preference in the absence of some special reasons or desiu' 
for the forgings. 

Although the more costly, the forged cross heads for the 
vertical engines have many attractions in design, acct ssibility, 
and appearance. The center of the connecting lod Ixaiing 
or wrist pin and the trunnions for receiving the guide shoes, 
come so naturally and conveniently in line that they can be 
turned on the same centers, thus insuring absolute sameness 
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of center lines fio desirable in cross heads. Also, Ihe natural 
design for a for^ng lends itself completely to the accommoda- 
tion of the distance rods extending from the cross head to the 
plunger head Ixlow ; also pving a very convenient plac- 
for attaching either two piston lods. or a b idge tree fo ' a single 
piston. And withal we have the comfortable consciousness 
that the cross head is a fo ging f om tlie steam hammer with 
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all of its parts and material thorou^y condensed, known, 
and in sj^t during construction tuid operatitm. Ilie forged 
cross head had its advent with the double "A" frame in ver- 
tical pumping engines; but mnce the introduction of the rao^ 
"A" friune, and t^e tower form of frame, the guides are so 
formed and placed that the ori^nal type of for^g does not 
fit into the construction so ^11. And, as the stn^ frame, 
and the single piston rod which so naturally accCKopanies the 
single frame, can be made more economically tiian the douUe 
design, the ever present evolution which brings the lowest 
cost for an equally reliable result is bound to hold sway. Hiere 
is no room for doubting the superiority of the sin^ ''A" frame, 
for its strength, its appearance, and its economical production 
in the foundry and shop. 
With the single "A" frame and its internal guides there 
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comes rationally enough an entirely different form of cross 
head, a fonii difficult and very costly to make of a for^ng, 
and so the builder must turn to something that can be made 
in a mold, and that means an annealed steel casting, as cast 
iron cannot escape both riskiness and clumsiness at the same 
time. 

Fig. 100 shows the steel forged cross head now pasung away, 
with all of its beauty, finish, and mechanical grace. Ilg. 101 
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shows the ca^t steel cross head with its intense practicability 
botii as to low cost and adaptation to t^e more economical con- 
struction, althou^ it cannot entirely hide its tendency towards 
a clumsy appearance. But handsome is as handsome does, 
so long as the design is accurately proportioned and the steel 
casting properly annealed. 

Cross head shoes are made mostly of brass, of cast iron, 
and of cast steel; with various means provided for adjusting 
for wear on the guides, mostly of the wedge type, controlled 
by set screws and binding bolts. The most general and likely 
the best practice, is to have cast iron guides and babbitt face d 
shoes, with the surfaces so proportioned as to bring the pres- 
sure resulting from the angular position of the connecting rod 
at each stroke below 25 lbs. per square inch of the wearing 
surface of the shoe. 

There are other forms of cross heads for pumping engines, 
than those herein shown, more or less special for special situa- 
tions; but these are the ones generally used, and as they give 
excellent satisfaction and are at least as low in cost of produc- 
tion and operation as can likely be made for a good article, they 
will probably continue in practice in this line of work for a long 
time to come. 

The form of the cross section of the guide at the surface 
where the shoe slides, is made in various forms: the "V" shape; 
circular like the interior of a cylinder; and flat. These are 
the principal forms, with the circular probably predominating 
in the latest practice, or during the past fifteen years or so. 



CHAPTER XXIV 

FRAMES AND BEDPLATES 

To make a general statement of the case in hand : the force 
and motion derived from heat are modified and transmitted 
by a pumping engine in doing the work of pumping water. 
And, \iewed broadly as a machine doing work, the pumping 
engine may be divided into two principal classes of parts; 
the framing and Unlplates, or non-moving or structural parts, 
and the mechanism or working or moving parts. The frames 
and lx*di)lat<\s jirovide support for the moving parts and to a 
consiilerable ext<Mit control their movements. 

In the ojxTation of a pumping engine, the things that are 
done or accomplished are: 

a. A natural source of energy, as, for example, heat, gives 
out force and coinnmnicates action or movement to the work- 
ing parts. 

/>. Tlie forc(* and motion so derived from the source of 
encrj^y arc tniiisniittiHl through the piston and plunger rods 
to the water phnijjjj'rs within the pumps, in a proper and suit- 
able iujinn(T and amount, to do the work for which the engine 
is dcsi<j:ncd. 

r. The watiT plunp^tTs, or the real working members of the 
machine', by means of their force and action together, pump 
th(^ water apiinst the pn^ssurc and in the quantity for which 
th(» puinpinj^ (Mipne is constructed. 

The stnMigth of the mat(Mials, the most suitable materials to 
Ik» us<m1, tlie manner of their us(», and t!ie necessary dimen- 
sions, in ordcT that risk of breakage and overstraining may 
Ih» avoided so far as practicable in the regular work of the 
machine, while undergoing the greatest straining action called 
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by the work being done, are to be carefully detemiincd in 
let that a pumping engine may be fit for use in regular water 
leorks service for long periods of time. 

The proper materials, then, for the various classes and |»arts 
of pumping en^nes having been selected, the work of coa^tnic- 
tion consists in forming and shaping the various parts to the 
iimeni^ions and plaus of the design, by means of proper pro- 
's, tools, and machinery, and then fitting and secuiing 
various parts together so as to form a complete machine 
■ady for work. And, as this chapter is devoted to frames 
and bedplates, those parts principally will be dealt with at 
present. 

The framing of horizontal and of vertical pumping engines 
tiifTer very radically from each other in form and use. In a 
horizontal machine the steam cylinders and water cylinders 
are supported directly from the foundations without any assist- 
ance from the frames; the frames acting only to liold the steam 
id water ends of the engine in proper relation with each 
ler so as to give the neces-sary amount of resistance to the 
workmg forces, and a correct design will bring the work of the 
en^ne and the strains on the frames into the same center lines 
and thlLs make tlie machine self contained. 

The definition of the word "Science" is "Knowledge gained 
id verified by exact obvervation and correct thinking, or, 
>tained individually by study of facts, principles, causes, 
etc.," and engine framing certainly requires just such treat- 
ment if it is to be put in the rig'it place and made in the proper 
form and strength. 
But the aim of the enpneer in designing pumping endues 
not to be precisely and ( xactly scientific to t'le exact limits 
the conditions imposed, but rather in make his work so it 
lall be SAFE, as a first consideration, and then go as nearly 
the exact line of requirements as his experience finally 
ihcs him he can scientifically reach, with all of the con- 
Itions weighed and accounU'd for. Tlii.s process has been 
it into one short sentence by a very eminent enjpneer uid 
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a-uz:? - n "nr T^immng -^msat lot: " if h is loo strong nobody 

1: .ir :r'jTTnin:L "v^iea pusiciiuc <iigu e s were built meetly 

r :> :»:r^v?*. :i -^mrvTuc vaaer tponi minesv the framing 

::•: •■ ljii .in- -:- T^rj Tnim x harif. and in fact the walls 

■-> :»>:l>::r:.: "•:'r«raxi£ -ae w<niiiac beam w^re sometimes 

^-.•: ^:iL" isr -n^-^.nig r!:if SJircwm beam pumping engine 

vte- - ii^rr-a-^.-i ▼T'ji n:ciciMe fram» and bedplates, and 

r ^ -"-^ -^^-^i ir^-r r^ anredaetion- from 1848 to about 
."^H - ^^ :.*-•: > iftf«rt^<ttajy v* boibi large pumping engjuies 
u:« i: ■ > >:i*:: i-i'i "f" ▼'zif^ r«aa. in fucie fonn or other, and 
: . ' 1 : ..*. ~f* I rc*:r'uk. ^?<uc:s eabodTing various applica- 
-.• r> I -i.-_::j: i^ii :%?-:ria:**? w«e introdured, but not suflB- 
:•.»:" ^-:»-jk*-i .-.c-zn* i rrce. In the meantime the 
•\ ... - - c ;_-:i»^\ :»:rji:c'LfcL pumping engine for water 
* v- vr r. i-7 :>fc--r^u*T ^csae. and the Gaskill engine, 
:^\ %- ■ >< :.r- t^«- -^ :*:*>•! ±z>i inalhr took place in the regu- 
A.- -• . ' -j-^ ^ r^ ^ 'I'T*^ tVjctii. The older form of the 
Vv .-: r -.-;i^\ ■-^r*'- ic»i ^y the Gasbll engme, both 

•. --< iz-: :-.->> wiiielv known, had for the 
■-* ^: .♦ ' * •■- <"'^-.. Az*i water end^. polished round 

_* ^ - - -- - ■ „■ :>.r -A::f r enane had also a substan- 
:..v • • -v : \: : ./^ :>:i>i:L tich side of the machine which 
:.; ::...': ~^-^: • -•.".:>•.: ^iri-.i >:rvns:ihened the engine, and 
w.v- : - .V: . : ^^-^^^v .:. 3 ::^k2.k and fly idieel machine with 
<• - • . —• • " -.tLV-i: r.>^r..her?. The old fashioned 

,.,,._- .--v - V :;:.-- o:"> - hand, with its entire absence 

o' ■ ivv -- \ . : c : *.:: rs:::.i: ivirt^, no doubt made out well 
ii.vv/.^i. \\i::. : .. : /.::.: -vsr :r:i:r-ing. At aU events, most of 
tl.i!-. :.;iv.^ 'i:i>:'. vi : ^v.y \>a:^ in good order. In the original 
i;:i>ki.l !.;:.:, : .' ro wA,- a1<<.^ a oa<t iron girder extending from 
thr l.idi pris^art v v.ir.J^ r At oaoh side of the engine to the 
inuiai.^ of tho liiic::. of ^Aoh water cylinder, at the top of the 
font' chamNrs. to whio!: wtR' attached the main pillow blocks 
for tht' crank shaft. 
Tlio fraiuing of tho later Gaskill. and of the high duty Worth- 
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ington engines, are composed of comparatively heavy and cer- 
tainly very strong cast iron girders; in the use of which in tlie 
former engine tlie bedplat(?s have been discarded and botli 
sUrani and water cylinders set directly and secured upon the 
tops of the foundation piers. 

The framing of the Holly quadruplex engine was in the " A"- 
fomi, with the main crank shaft at the top of the "A" and 
tlie center Hnes of the steam and water cylinders at an angle; 
the main pumps were Iocat<'d immediately behind and below the 
steam cylinders, with struts or distance pieces to keep the 
water and steam cylinders in correct alignment and distance. 
Fig. 102, Fig. 103, and Fig. 104 show the framing of the Holly 
quadruplex, and the later frames of the Worthington and 
Gaskill engines. 

In quite recent years a design of crank and fly wheel pump- 
ing engine known as the horizontal cross compound has come 
the front as a pronounced type, although cross compound 
im engines and an occasional cross compound pumping engine 
kve been known for a long time. An attempt was made a 
many years ago to produce the Worthington engine in 
form of the cross compound, and called the tank engine 
im the fact that what is now known as the receiver, was 
iwn by the name of tlie tank, or at least so designated by 
builders of the non-rotative machine. Several of these 
ik engines were constructed, but the delicacy of balance 
;B the two sides of the machine necessary for good lesults 
the cranklcss engine, could not be obtained where the steam 
entirely let go of by one side and taken up again by the 
otiier side. In a crank en^ne, the two sides of the machine 
aiT held at all times in proper relation with each other by 
of the absolute control of the moving parts by the cranks, 
a little surplus power by one side or the other did not matter, 
the shaft and wheel took care of all irregularities when they 
occurred. 

The Allis-Chalmers Company, the Piatt Iron Works Com- 
pany, and the Snow Steam Pump Company have brought out 
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very effective and substantial machines of the cross compound 
type, and they consist really of cross compound Corliss steam 
engines, connected to two water cylinders by means of very 
heavy framing secured to the foundation by means of anchor 
bolts. The main pumps in the Allis-Chalmers and Snow 
engines are situated at opposite ends of the frames from the 
steam cylinders, and in direct line with them. The water cyl- 
inders and the steam cylinders are firmly bolted directly to these 
engine frames of a deep box pattern; and a direct and rigid 
dri\ing connection is made between the steam pistons and the 
water plung(»rs by means of heavy steel distance rods, which 
connect piston and plunger cross heads at opposite ends of the 
franung; the cross heads at the steam end being coupled to 
the connecting rods for driving the cranks, which are pressed 
and keyed on to the ends^of the main shaft at an angjle of 
90 degrees. 

The cross head guides in all three of th?se engines are formed 
in th(» frames in a very solid, effective manner; and the main 
pillow blocks are also cast as a portion of the frames where they 
an* broft^lened out for their accommodation. The fly wheel is 
locat<*d mid-way Ix^tween the two main frames, and in the 
Allis-C'haliners and Snow engines, about in the middle of the 
machine, both crosswise and lengthwise. This type of pumping 
engine reciuires considerable floor space in proportion to capac- 
ity, but it is a very effective and satisfactory machine, com- 
bining iis it does a reasonably high economy of steam \iith a 
moderate price. 

Fig. 105 sliows the Allis-Chalmers engine. Fig. 106 shows the 
Piatt Iron Works enghie, and Fig. 107 shows the Snow engine, 
illustrating the peculiar form of framing, and other details. 

This present typical cross compound, horizontal pumping 
engine, is no doubt a very good investment for pmnping, up 
to a few hundred horse power; and of course with the horse 
power limited, which it nmst be on account of the horizontal 
cylinders, its capacity will depend upon the pressure against 
which it is to work. Its cost is comparatively low, and its 
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mow than half speed niost of the time, a satisfactory capital 
economy and a very good general steam economy can be 
effected. 

With vertical pumping en^nea the framing is, as may be 
supposed, entirely different from that of the horizontal machine. 
In the early days of the present type of vertical pumping 
machinery, say twenty years ago, tlie pumps were placed in 
a pit fonned by the massive stone or brick piers which made 
up the foundations for supporting the steam end bedplates, and 
upon the tops of these bedplates the framing, mostly of the "A" 
frame type, was securely bolted. Of the crank and fly wheel 
engines, a very few at the beginning had their steam cylinders 
located upon the bedplate, and the pillow blocks for the crank 
shaft at the top or apex of the "A" frame, but this was soon 
changed, and what is really the modern marine engine with 
the steam cylinders at the top of the "A" frame and the pillow 
blocks and shaft at the bedplate level, soon came to the front, 
and the present vertical engine likely will remain so until it 
is supplanted by some other form of prime mover, not yet in 
sight. 

After a few vertical pumping engines had been built and 
put into operation, it was found that one of the masonry piers 
could be dispensed with, and one end of the main bedplates 
could be sujjported on the tops of the pump chambers, thus 
making tlie machine partly self-contained; and thb change 
also made cverj-thing about the main pumps more accessible. 
Later on still another change was made, and the entire machine 
was made self-contained, by iwing "A" frames extending from 
sole plates at the bottom of the structure, and upon these sole 
plates were bolted the main pumps. The frames, ju.'4 about where 
the cross bar of a capital letter "A" would be located, are inter- 
cepted by the steam end bedplates: then the frames extend 
upward until the rather broad ai)ex or top of the "A" is reached, 
where the steam cylinders are located. 

Fig. 108 and Fig. 109 show the vertical crank engine, with 
two masonry pieis, and also with one pier. Fig. 110 shows 
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! vertical en^no with the 'A" ,'raines extending from the 
©ttoni of tiie wat^T end to the stcain cylinders. 
\ So far. or up to about right yi'ars agii. wlint is known as the 




ible "A" frame hat! btin uwd. hut about that time a still 
nearer approach to the later marine construction was made, 
and the double "A" frame gave way to t!ie single "A" frame, which 
maintained all of the principal constr ct'.ve effects but made a 
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much neater and in some waj-s a more accessible engine frame. 
The adoption of the slng^ frame made it rather awkward to 
uf^" a double frame below the steam bedplates, and so another 
change, which looks as thou^ it mi^t be a final one, is to 
support the entire steam part of the machine from the steam 
bedplates up, on top of the valve or air chambers of the main 
pumps. Tlie main pumps are supported upon sole plates in 
the basement of the engine room, and for all ordinary depths 
of basement possible to obtain in pumping stations this tj-pe of 
pumping engine will answer. 

This construction, as a whole, is very eflTcctive and substan- 
tial, neat fitnd symmet ical. And so fa.- as can now be seen, this 
self-contained, solidly appealing, and .cally very solid t^'pe 
of pumping engine of the triple expansion class is quite the 
limit of perfect design and construction of crank and fly wheel 
machinery for large engines. 

Fig. Ill b a good lepresentati^T illustiation oi this machine, 
and aside from admirable airangement of bedplate and frames 
tlie various other details may be seen to be most fittin^y 
adapted in the general design. There a.e no foundations 
requ .id ( xct pting a level and substantial bottom in the engine 
house basement, resting upon lock preferably, but any good 
soil witli the pressures properly sustained, using piling if ncces- 
sa y. will an.*?wer the purpose. 

Tliis design is also very satisfactory as a cross compoimd^ 
veitical pumping engine, by simply leaving off a third o" the 
design, using one high pressure and one low p.essuie cylin- 
der, two frames, two bedplates, one shaft and wheel, and two 
of tlic main pumps. In such a case if these lines were followed 
cl()s< ly, the two puni|)s would have to be coupled with cranks 
set <>p|K)site each other, or set with the crank p'ns 180 degrees 
apart, on account of the single acting plungers which must 
act directly opposite each other. Such a cross compound 
would do very good service on reservoir woik, vihere the force 
main had no connections with the service pipes of consimners. 

The double "A*' f:ame engine has been built also in the 
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compound form; with the single iiiasonrj- pier, and also 

ritli the POEupletely seU-contaiiieci "A" framing. In this fo;m, 

11 and moderate sized compound engines have been built, 

id also so large as to have 50 inch higli pressure and 92 

low pLessure cylinders, with 64 inches stroke; also with 

inch high pressure, 52 inch low pressure, and with lOS 

inches stroke. 

The W'orthington triple expansion, high duty vertical engines 
have been built as large as 20,000,000 U. S. gallons daily 
capacity, and a few even larger than this. In this type the 
framing is somewhat of the "A" form, although not so clearly p: o- 
nouneed as in some other types; there are generally no bed- 
plates, hut the feet of the frames are secured by heavy anchoi- 
bolts to the tops of the masonry piers between which the main 
pumps are located in a sort of pit formed bf tweeii the piers. 
These piers rest upon a sub-foundation usually of coucieK" 
upon which the main puiups are secured; thus the cn^ne pierR 
really form a portion of the framing. 

In a late design, the entire en^ne is placed upon a sole plate 
with "\" frames extending from the sole plate to the steam 
cylinders at the top of the construction, and so the machine 
is completely self-contained, in this respect differing from the 
first verticals of this type. 

It is curious to- note in this connection Imw several of the 
makers of large pumping engines have been mistaken at dif- 
:nt times and unknown to eat^h other, regarding the needs 
a rigid franu- connection between the steam and wfttrr 
and the writer recalls emiously enough aliwi, tliat in hia 
own experience he observed and a^isU-d in adjusting this 
error in two different widely separated ea«f.s, involving two 
oi tlie lu-gest builders of pumping machinery at the dtfTen-iit 
limes. The first was a case of three single acting, outside 
packed plungers located in indi.'pendent plunger tianrls at 
the bottom of a mason;y pit formed by the fnimdations. It 
had been calculated that these plunger barrels were to Ix' placed 
upon solid stone masonry at the bottom of the foundations. 
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and that as the thrust of discharge was always downward, 
and that the suction lift was almost nothing when compared 
with the weight of the plunger barrels, to say nothing of the 
fact that the plunger barrels were heavily bolted to the valve 
chambers, making a great mass of iron castings weiring 
many tons. But there was no frame connection from the 
plunger barrels to the steam end bedplates at the top of tUe 
foundations, it being presumed that none would be needed. 
Nevertheless with all appearances in favor of satisfactory 
action, there was enough relief upon the stonework under 
the plunger barrels during the suction stroke, to cause a decided 
downward thrust during the delivery stroke, and enough 
vertical action took place to begin to wear the masonry seat 
of the plunger barrels, promising in a short time to throw the 
machinery out of line by unevenness of the foundations. The 
remedy applied was to put connecting struts between the steam 
bedplates at the top of the pit and the plunger barrels at the 
bottom, and so placing something to resist the working forces 
in the center plane of motion. 

The other case was a very large vertical non-rotative pump- 
ing engine, with two double acting plunger pumps at the bot- 
tom of the pit formed by the foundation piers, the steam end 
of the machine being supported upon "A" frames from the 
tops of these piers, and without any framing connection be- 
tween the steam and water ends. It had been calculated that 
the immease weight of the water ends would make all such 
connections unnecessary, but a short time at work demon- 
strated that the concrete foundation beneath the main pumps 
was beginning to give way, and it finally had to be replaced, 
and reinforced by heavy steel " I '' beams. Therefore it would 
seem that as an absolute principle of construction, in pump- 
ing engines at least, and probably in all prime movers, there 
must be a rigid frame connection between the power and 
the work, central with the lines of force. 

Fig. 112 shows the Wort'iington vertical triple expansion 
pumping engine, and indicates the arrangement of the fram- 
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ing, and the petitions of the steam and water ends of the 
machine. 

It being necessary in the non-rotative type to have a pump- 
ing en^e which will make four strokes to a "revolution" or 
cycle, the main pumps have to be double acting, and the upward 
discharge stroke exerts a very con^derable upward pressure upon 




the mmn pump casting, in this case a great many tons, which 
although rather a long way short of the weight of the water 
cylinder, is nevertheless quite sufficient to cause an upward and 
downward vibration. The actJon of such a performance would 
resemble somewhat tiie treading of an enormous cast iron 
elephant, weighing perhaps 50 or 60 tons; and any one at all 
conversant with concrete and masonry, would know how damag- 
ing it would likely be. The placing of struts and tie bolts 
between the steam and water ends b the line of the work, 
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would make the machine self-contained and avoid such bad 
effects upon the foundation. 

In connection with this branch of the subject, there natu- 
rally comes the matter of galleries, platforms, stairways, and 
more or less complete facilities for getting around the engine, 
at rest and in motion. There should be a substantial and 
permanent iron platform around and about the upper ends of 
the main plunger barrels for vertical engines, at a convenient 
height for easily and safely reaching the gland bolts and 
plunger packing, when necessary to renew or take up the 
packing. 

The main floor of the engine room will provide means for 
manipulating the throttle valve, condenser valves, priming 
valves, and other necessary facilities for starting and running 
the engine. Then a platform at the base of the steam cylin- 
ders on moderate sized engines, and in addition to this a plat- 
form half way up the frames on large engines; also on the larger 
machines thcie is need of a platform somewhere near the tops 
of the steam cylinders. 

With horizontal pumping engines there is no need of so many 
platforms, but some a.e necessary for the larger sizes; and with 
large Gaskill and Worthington engines, especially for the 
former, a platf(irm extending the entire length on both sides 
and back of the steam cylinders, located about at the base of 
the high pressure cylinder, is very useful and convenient for 
those who have to be about the engine. With the Worthington 
and large cross compound engines, a biidge platform ac oss 
the machine, and facilities for reaching the valve stems, gauges, 
and other details are usually provided. 
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I In thb age and day when skilled praoticc of wide lange, and 
good business management, for foundiy, forge, and machine 
sliop, tiave been brought to a very high stage of perfection, 
the price of a high class economical pumping engine has been 
reduced to a point which justifies the use of a very higli steam 
economy in pimiping water. A much better engine can be 
installed now than most people would buy a few years ago; 
an engine in which is combined simplicity, high efficiency, 
gi-eat durability, and compactness. In fact, a high type of 
pumping engine is now used in the comparatively small capaci- 
ties, which, not so very long ago were left to the Held of low 
economy and low interest account. It may be tliat piofits 

I less; but production is certainly less costly; several factois 
doubt coQspi.ing to help the buyer, 
I) no direction probably has there been so much impiove- 
Dt in the line of material and worknmnship as in the ciank 
It and similar details of rotative engines. For use in the 
istruction of crank and fly wheel pumping engines the « co- 
nomiral production of the very highest quality of solid op< n 
hearth ."teel forgings, and center forged 8t#el details for st^am 
machinery has gradually brought tlie grade of various pail* of 
pumping engines up to the highest known level for such woik. 
Although costing a moderat*- percentage more than wrought 
iron, the very be.=it and really cheapest material for piston 
rods, connecting rods, crank shafts, distance rods, and other 
fetalis of like nature, is steel; forged under hydraulic perssure 
I clean, sound ingots somewhat larger in mass than the 
shed product, and the piece properly annealed. Such 
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f o. gings not infrequently have a tensile strength of over 80,000 
lbs., and an elastic limit of 50,000 lbs. with an elongation of 
25 per cent before paiting. 

Open hearth furnaces with temperatures of about 4,000 F. 
are used for steel ingots necessary for making such shafts, 
rods, etc. The best forging is mostly done in hydraulic presses 
at quite a moderate rate of " squeezing " which allows the flow 
and adjustment of the metal to take place. Sometimes gross 
pressures, of from 12,000 to 14,000 tons, are employed in this 
hydraulic forging process, and from 400,000,000 to 600,000,000 
foot pounds per minute are developed; the actual force in the 
pressure pumps reaching as high as 6,500 lbs. per square inch. 
During the process of forging a hollow steel shaft inside and out, 
the material is thoroughly compacted, as the mandiil almost 
fills the hole in the ingot and serves as a soit of anvil, a succes- 
sion of pressures taking the place of the blows in ordinary 
steam hanmier forging; the process being naturally assisted by 
the advantages in heating a hollow cylindrical mass instead of 
a solid one. The undesirable qualities in the fluid compressed 
steel ingot are in the center, and after the original casting of 
the ingot is made the defects are bored out after cooling, and 
the so'und piece in the form of a short thick cylinder is reheated 
for forging; so that the material which is actually worked upon 
for the finished product is practically homogeneous, or alike 
in quality throughout. 

Solid forgings are often used instead of the hollow forgings 
described above, and very good material may be produced, 
espc^cially of the dimensions used in pumping engines. Some 
work of this character for large pumping engines was tested by 
the writer during the past year with the following results; the 
lecords here given are taken at random from a number: 
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Tilt' cranks art alwo vrry important membeis of the constiuc- 
tion and are made of cast iioii, wrought uoa, or sUtI, mostly 
'. latttT in the latiT and ktttT machinoH, according to cir- 
iBtances and the ideas of the dt'signor. Cranks aie sonie- 
mes forced on to tlie slmft. by liydraulic pressure or in a screw 
k'pss, and are somttirnts shrunk on. The fly wheel hubs aie 
) subjected to the same t:catnient, mostly forced on when 
Be wheel JH Inade with a center or hub instead of in halves as 
} often done. Wheels in halves are of course admissible, but 
} not nearly so good as the built up wheel with a solid hub 
Hit into place upon the shaft before the cranks are forced into 
The fly wheel built up in sections and bolted between 
two discs forming the hub by through bolts having a 
ftiving fit in reamed holes is the best work in this line; the 
1 is made in sections, generally eight, one arm bolted into 
; hub for each section, and the sections of the rim are gen- 
Jly held together at their ends by means of forged Unks set 
into sockets at the sides of the wheel rim, the links having 
been heated and allowed to cool and shrink in place. This 
wni costs the most of any, the wheel made in halves being the 
Iher extreme as to cost and desirability; the wheel in halves is 
\ fairly good one when well made, es|}eciaUy if the place of 
"arting is planed and bolted instead of being cast as one wheel 
and then broken in halves. A very good compromise between 
these two wheels, and costing somewhere between the two 
types, is to have the solid hub forced on to the shaft with discs 
separated for the arms the same as for the built up wheel, and 
_then have the rim made in two sections like the wheel in halves, 
lim secured by means of links the same as the eight section 
»el; the difference being that there are four arms to a 

1 instead of one arm. 
1 the best class of work, the pressing fits are generally ten 
I pressure for each inch diameter of shaft or crank pin or 
«el hub seat, the wheel centers, cranks and crank pins; aa, 
[ample, a shaft 16 inches diameter would require 160 
B pressure to force on a crank or wheel center; or for a crank 
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pin say 8 inches diameter, a pressure of 80 tons would 
be lequired; for other parts requiring forcing fits, the piessure 
is used according to the experience and practice in any par- 
ticular line of the shop doing the work. 

Regarding the dimensions of crank shafts, practice vaiies; 
but the best and strongest work in the line of crank and fly 
wheel pumping machinery follows rather closely the lines of 
power engines in relation of shaft diameter to horse power 
and speed. The work of the pumping engine is largely done 
directly from the pistons to the plungers; and in the non-:o- 
tative engines of the low duty class all of the work goes directly 
to the plungers; in a non-rotative high duty engine, as, for 
example, the Worthington, the surplus power at the beginning 
of the sti oke goes into the cc mpensating cylinders and through 
them lifts the accumulator piston, this piston in effect resem- 
bling a large pneumatic dumb bell, or a dumb bell consisting 
of air pressure, the dumb bell returning the power after the 
compensating plungers pass the central point in the stroke. 
Even the equalizing of the expanding steam pressure is accom- 
plished by direct pressures and without transmission through 
anything like a shaft ; in fact, such work is done in the non- 
rotative machine without torque. 

In the crank and fly wheel pumping engine, however, only 
a portion of the power goes directly from the pistons to the 
plungers; the fiist pait of the stroke, when there is a surplus 
of power, sending a portion of the work to the wheel to be 
given back again during the latter part of the stroke when 
the expanding sUarn is below the working requirements. 
Theoretically, therefore, as all of the work is not transmitted 
through the shaft, it might be naturally enough supposed that 
a smalU r shaft than a power engine requires, would answer 
for a pumping engine, but in the latter the transmission of 
the powv r to and from the wheel is a rougher sort of a task 
than simply sending small instalments of energy into a steadily 
revolving wheel at a pretty good speed. It may be readil)' 
noted that the dimensions of ciank shafts in pumping engines 
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out correspond to the result of recogiiind roimulai' 
f transmitting power by shafts; that is, the shafts an* iippar- 
r calculated as though all of tlie power was sent thiough 
thtm: and in fact tlie pa.ticulai- work they haw to do whui 
the stubbon attributes of water at- considered, is no doubt 
a ino!e severe tial to the niatorial even with tmly a modeiali' 
percentage of the power of the engine actually transniitU'il 
through the shaft in the form of toi-que or twisting stiain. At 
all events, if in the tiiple expansion eii^ne the crank nhafts, 
of which there are two, a;e cnnsideied ae each taking care of 
half the power, which is a leasonable idea to say the least. 
Rankine's fo.mula for transmitting power by a shaft giveH 
just about the diameter that experience has taught the build- 

R* will p:oducc a shaft safe for such a machine. If the Hanie 
Linula be applied to a cross conipounti engine of a well i«cog- 
Kd make, upon the supposition that the shaft is to be able 
transmit the full power, the actual shaft made for thi; 
U-hine will be found to \ie very close in diameter to the results 
the formula. But aside from what la found in practice, 
e Rankine formula will be found to give a safe and practical 
size of shaft when applied to pumping engines. 
Although perhitps a little out of place in a book of this kind, 

I above mentioned foimula is so interesting that it 'w ^ven: 
. represents foot pounds per minute of the horw \wffCT 
of the en^ne: found by multiplying the indieat<'d horae 
power of the steam cylinders by 3.'{,(W)0. 
32 is the ratio between the length of the rudlux of a ctrele 
and the circumference of a circle; or the proportion Ije- 
tween the distance from the center U) the oulwide of the 
shaft, and the distance around the fihaft. 
R.P.M. represents the revolutions which the endjne is to 

make per minute at full contract Hperd. 
iW repfesenta the mean or average twisting utrain or ntresH 
under which tlte shaft w placed tjy the work which is 
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MM represents the maximum or gieatest twisting strain or 
stress under which the shaft is placed by the work which 
is done; and is found by multiplying M by 12 for the 
reason that 6 is ordinarily taken as the factor of safety for 
materials of this kind for the mean or average strain, and 
tliis factor of safety 6 is doubled, making 12 for the maxi- 
mum or greatest strain. 

A represents the modulus of stress; which is a number 
that measures the actual value of the material for use; 
or, it is the measure of the force required to break a sub- 
stance across, as compared with the force required to 
break a bar of the substance one inch square. This value 
is 225 for forged steel. 

D represents the diameter of the shaft in inclu s. 
Then the formula is: 



r i^'- X 12I 

[6.2831^ X R,P.M. J 



D 



And this interpreted into words means as follows: 

In this example the horse power is taken at 800, or 400* 
for each shaft of a triple expansion pumping engine; then, 
400 X 33,000 = 13,200,000 ft. lbs. per minute, representing the 
work of the indicated horse power or the H.P. in the foimula. 

Then, as the revohitions per minute are 22.5, which lep- 
resents the R.P.M. in the formula, this number is multiplied 
by 6.2832, which gives 141.372, by which the 13,200,000 already 
found is to Ix* divided, and the result is 93,370 as the value 
of M in the formula. 

Then, M is multiplied by 12, and the result is 1,120,440, 
which is the value of MM in the formula. 

Then, the value of MM or 1,120,440 is divided by 225, the 
value of forged steel in the formula, and the lesult is 4,979.73, 
and this number is the cube of the diameter of the shaft in 
inches. 
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I Then, extiacting the cube root from 4,979.73, as tills number 
I the cube of the diameter, we have 17.077 inches as tlie 
lamctcr of a steel forged shaft for this machine; ov, say. 17 
ichea as the nearest practical maehine shop size. It may 

■ noted, that a i-ccentiy built tiiple jtumpiiig engine of SOO 
wse power has a shaft at each side, IS inelies diametei' fo/ a 

lort space at the middle where the wheel goes on, and 10 
iches next to the pillow blocks, which is a rather close size 

■ 17 inches average. 

Still another triple pumping engine by a diffei-ent builder 
of 500 horse power, or 250 for each shaft, has a steel forged 
shaft at each side 15 inches diameter, and the formula calls 
for 15-18 inches. 

Also a cross compound pumping engine, recently tested 

by the writer for duty, running at unusual sj'jeed and imder 

unusually high water piessuix-, and altogether presenting 

entirely diffeient conditions from the usual practice, the liorfie 

power was 1,200 and the speed was (57 revolutions per minute. 

The fornmla calls for a shaft \ of an inch laiger than the shaft 

^ound in the en^ne. 

r It is pietty certain that the Rankine formula was not used 

I any of the above mentioned engines, but it is very certain 

lat experience and judgment, based upon what has Ixvn 

tone and observed by engine builders, ha^e established a i ule 

r shafts which arrives at the .same conclusion as was an-ived 

Ett by the most eminent authoiity on the strength of materials. 

md this brings again to mind tlie definition of science, " Knowl- 

■ gained and verified by exact observation and corifct 

thmking; knowledge gained individually by study of facts, 

piinciples, causes, etc.; the Imbit or possession of exact knowl- 



^rding the matter of cranks and ciank pins for the Ry 

iiecl pumping engines, the best are made of the forged st<el; 

ictically the same material as that for the shafts, which 

i already b<'cn gone into at some length. The dimensions 

r these paits differ some, but not very much, among dilTennt 
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builders. The crank pins may be set down as of a diameter 
and length which will produce about 1,300 lbs. per square 
inch of projected area, or, in other words, 1,300 lbs. for each 
square inch found by multiplying the diameter by the lengtii 
of the journal. Thvs would be for the outer or end crank pins 
of a triple machine; and the middle pin, or that for the inter- 
mediate cylinder, would be about 50 per cent greater in dia- 
meter than the outer one, or those for the high and low press- 
ure cylinders, with the length of the journal the same in all. 

The dimensions of the cranks vary some with the different 
builders, and even tiie same builder is not always consistent 
among different sizes and powers of engines; the convenience 
of manufacture is often considered first where a departure 
from some standard proportion does not do any harm; and 
on account of convenience or economical handling of the work, 
sometimes a heavier crank may be put on than would be calcu- 
lated from the exact proportion of the machine. 

However, a very good proportion for steel forged cranks 
would be as follows: 

Main hub of crank, twice the diameter of main journal. 
Thickness of hub, to be 0.65 of diameter of main journal. 
Crank pin head of the crank, twice the diameter of crank 

pin journal. 
Thickness of crank pin head of crank, 1.125 times the 

length of the crank pin journal. 
Thickness of crank arm, 1.125 times the length of crank 

pin journal. 

Regarding cross sections of the coimecting rods, there is 
also considerable variation, but a very good rule is as follows: 

Tensile strain at neck of connecting rod not more than 

2,500 lbs. per square inch. 
Tensile strain through the smallest section of head or 

strap 2,200 lbs. per square inch. 

These strains are based upon the gross effective steam press- 
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the beginning of the stroke, found by multipljTng the 
area of the piston by the difference in pressure per square incli, 
between the initial and counter pressures. In any multiple 
cylinder engine tlie total net presstire would not be alike in all 
of the cylinders, so the diameter of the rod and the dimen- 
sions of the strap could be based upon the greatest strain given 
by any one cylinder, and then the other rods and straps made 
to match the largest one. 

In connection with the main shafts, the main pillow blocks 
come in for a share of attention in this chapter; the diameter 
and length of the bo;e, the form of construction to meet dif- 
ferent conditions, and the various details which go to make up 
a suitable and satisfactory bearing for the main shaft, require 
careful attention and a clear understanding of the requirements. 

In non-rotative pumping engines of the low duty class, of 
course no beaiings are required beyond those for rock shafts, 
valve motion connections, and air pump levers. In the high 
duty class of the non-rotative type of machinery, some require 
substantial pillow blocks for the trunnions of oscillating or com- 
pensating cylinders, but, take it all together, the pillow block 
question is not a very serious one with the non-rotative piunp- 
ing machinery. 

In the better forms of horizontal cross compound pumping 
engines from 3,000,000 U. S. gallons capacity per 24 hours, 
up to, say, 10,000,000 gallons, although this type seldom goes 
so high in capacity, the main pillow blocks are arranged so as 
to take up wear both horizontally and vertically, because the 
thrust of the engine is horizontal, and the wear from the weight 
of the fly wheel, shaft, and cranks, is downward. A general 
description of a satisfactory bearing for this type of machine 
is as follows: 

The main frame of the engine, which is of the box form, pro- 
portionately deej) and heavy, extends from the steam cylinder 
to the water cylinder at each side of the machine. At the 
inner side of the frame, or the side next to the opposite frame, 
the pillow block pedestal is formed as a part of the frame itself. 
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and at its top is located the socket or jaw for holding the boxes 
or shells of the main shaft bearing (see fig. 107). The jaw 
and the shells, a top and a bottom and two side shells for each 
bearing, are generally made after the pattern of the ori^nal 
Corliss pillow block first made fifty years ago, and probably 
a better or more practical bearing was never made for a shaft. 
The top of the jaw is planed with projections which engage 
with the gib ends of the pillow block cap, thus firmly holding 
the two sides in proper relation; the shells in which the lining 
metal is poured, hammered, and bored to suit the shaft, are 
independent of the jaw and the cap, and are free to move hori- 
zontally when the lost motion is taken up by means of a wedge 
shown back of the quarter box towards the steam end of the 
frame. The shells can also swing if necessary just a trifle, 
and the general result is that these shells, having once been 
bored and properly fitted to the shaft, will adjust themselves 
to the journal in such a way as to practically avoid all ten- 
dency to bind the journal ; in fact, will follow up changing posi- 
tions of the journal so as to keep in line with it at all times, 
in such a manner that the bearing or the shaft cannot be heated 
or cut unless set up too tightly or left too long without lubri- 
cfU^ion. This bearing can be taken up vertically and hori- 
zontally at the same time, or each way separately without 
interfering with the other adjustment. 

In vertical pumping engines both large and small, it is now 
the general practice to cast the lower half of the main pillow 
block in the engine bedplate, and then cover it with a heavy 
cap formed so as to tie together the ends of the lower half by 
means of lips or gibs formed at the lower outer edges of the 
scap. The actual bearing boxes or shells in which the journal of 
the shaft rests and revolves, are mostly two separate and remov- 
able pieces from the main part of the pillow block; although 
in some cases the lower half is prepared for the shaft solidly 
in the bedplate, and the upper half or cap is made to form 
the shell for the upper part of the bearing. In either case, 
the removable shells or the non-removable bearing, the real 
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bearing surface for the shaft is made of some soit of anti-fJc- 
tion metal, practically an extra good mixture of what has 
been long known as babbitt metal. This comparatively soft 
metal is melted and poured into spaces formed for it, thus 
making a circular surface approximately the size and . shape 
of the shaft journal. After cooling, this lining metal is thor- 
oughly hammered and condensed in its place and then accurately 
bored to suit the shaft. A system of grooves a:e cut in the 
surface of the finished bearing to distribute the oil under, 
over, and about the journal. Tbe arranging and cutting of 
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these oil grooves, although seemingly a minor detail, is, like a 
great many minor details, extremely important to the success 
and economy of the machine. 

In vertical engines of course is there is no need of taking up 
the wear and lost motion in more than one direction, which 
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is veitical; as the thrust of the engine and the weight supported 
by the bearings act practically in vertical lines only. The 
bolting of the pillow block, the distribution of the strains in 
the cap, and the facilities for removing the shells, especially 
the under shell, so as to make as little delay as possible in the 
working of the engine, are all matters which, though compara- 
tively small in themselves, a:e i datively of enough t^ignificance 
to justify the most careful attention. 

Fig. 113 shows a side view and plan of a pillow block for a 
vertical pumping engine formed within the bedplate, and in 
this machine the bottom of the pillow block where the lower 
shell rests is made circular, so as to roll out the shell by simply 
taking the weight of the shaft upon a jack screw or by other 
suitable means. This side view also shows the strong reinforce- 
ment in the bedplate casting where the depression is formed 
for the pillow block. 

In making a brief and general sununary of the different 
kinds of materials which enter into the construction of pump- 
ing engines, it goes without saying that they should be of the 
very best quality practicable to obtain. It is simply impos- 
sible to obtain absolutely perfect iron castings, but there is a 
practical perfection possible to obtain from a well regulated 
foundry, and engineers and inspectors should have sufficient 
judgment and courage to arrive at a fair and proper conclu- 
sion where the integrity of a casting has been called into ques- 
tion. Where even heavy and large castings, the loss of which 
is serious to the manufacturer, have some part or parts so 
defective that they cannot be properly remedied, they should 
be rejected by the buyer or his representative. But where 
there are blemishes only, or minor defects that add nothing 
to the risk of using the casting, and which can be removed 
or remedied by the manufacturer, there should be no hesitation 
in accepting such a casting. 

The writer recalls to mind a large plunger barrel weighing 
^bout 8 tons, for a pumping engine, where the lower flange 
was so defective from "blow'* or from some small portion of 
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the mold having been dislodgrd, that it was WTakencd and 
defaced to an extent that made it really impossible to use. A 
gieat ri'monstrance was set up by the maker, but in spite of all 
appeals and regrets the casting was rejected. 

In another case, an air chamber belonging to the same 
class of machinery and weighing probably 12 tons or so, devcl- 
oix^d a bad spot in the face of tht bottom flange when the 
facing was being done. After the roughing cut had been fin- 
ished, a blemish or defect apptaied in the face of the flange 
about S inches long, 2 inches wid*. and 1 inch deep. As the 
face of the flange was about 7 inches wide and this rut ex- 
tended in a circular direction, it was decided after testing and 
examining the surrounding metal, to have a piece of cast iron 
fitted and driven into the damaged place after dressing out to 
sound metal, and then the fimshtng cut for the facing work 
was completed- The flange was diillcd for the bolt holes, 
after a short time it was very difficult to locato the blemish, 
casting was then accepted for use in the engine. 

The cast iron for fly wheds, lied plates, frames, cU-., having 
a tensile stiength of 18,000 to 20,000 lbs. ptr square inch, or 
a cross breaking resistance of one tenth of these figures, with 
usual size bars, would be acceptable for pumping machinery; 
and for pressure sustaining parts such as air chambeis, pump 
barrels, valve chambers, steam cylindeis, etc.. the ttnsile 
stifngth should be as high as from 22,000 to 25,000 lbs. per 
square inch, and with a cross breaking strength of one tenth 
as Mo-.c mentioned. 

Good sltel castings have become a common and commer- 
cial article for va. ious parts of machinery, and are acceptable 
for cross heads and other parts of pumping engines where for- 
merly forgings only were used. Such castings should be prop- 
erly annealed, and the material entering into them would be 
acceptable when the specimens showed a tensile strength of 
60,000 to 65,000 lbs. per square inch, an elongation of 20 per 
cent and an elastic limit of 30,000 lbs.; the usual test speci- 
OicDS being used in these determinations. 
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Very little wrought iron aside from bolts is used in pumping 
engine Sy and the usual specimens should show approximately 
45,000 lbs. tensile strength, 25,000 lbs. elastic limit, and 20 per 
c nt elongation in 8 inches. 

Composition metal, commonly designated brass, varies 
considerably in the va: ious parts and as used by various build- 
ers. The principal quantity is utilized in the pump valve 
seats and appurtenances, and should be made of new metal 
mixed at the time of melting, for the best work, but under 
ordinary conditions there id not much trouble experienwd 
with the me^.al usually employed. 

Bearing metal, or labbitt metal as it is commonly called, 
varies a good deal also, but bearing metal for heavy work 
should be made of copper, tin, and antimony, although, like 
brass, there are numerous mixtures, and most reputable build- 
ers meet this requirement in acceptable fashion. 

All materials for the machinery should be subject to inspec- 
tion when the buyer desires, but it is a useless expense to actually 
provide for such testing when buying a pumping engme, as the 
builder will of course add all contingencies to the piice asked 
for the machinery. Therefore in the i^Titer's opinion it will be 
better to secuie the option of having the testing done when 
desired, and charge the cost to the buyer for the actual work 
done and expense involved at the time such tests may really 
be made. 




CHAPTER XXVI 
DUTY TESTS OF PUMPING ENGINES 

The usual and practical purpose of thp duty test of a pirnip- 
ing engine is to find out whether or not the engine contiacted 
for and installed, is capable of meeting the contract gua:antee 
,^)f efficiency and economy, made by the builder: the results as 
,rily expiessed in foot pounds of duty, really show how 

lany pounds of water the engine will raise one foot high when 
it consumes cither 1,000 )bs. weight of stram, or 1,000,000 
units of heat. It would seem as though scientific research 
would call for duty tests, so as to determine the relation between 
the heat expended and the work accomplished by the machine ; 
but the trouble of this is, that there seems to be no one to pay 
the bills upon a large enoug'i scale to be of much use, either 
theoretically or practically. 

And therefore the slower but equally certain method is for 
close hard thinkers and observers to improve from time to time 
and from engine to engine, in the pumping engine business. 
Tlit-n by noting and remembeiing the action and results under 
different and various conditions of pressures, speeds, capa- 
cities, etc.; a line of procedure in any and certain eases which 
arise, is finally established. After some years of experience, 
trials, and tribulations, the approximate relation between 
steam economy and design is fairly well ascertained: the final 
results seeming to show that purely scientific men saw the 
right road long ago, but from the lack of opportunity for prac- 
tical application could not travel far enough and could not 
live long enough to find out exactly what kind of a machine 
was available for the purpose in view. 

The savants who manv vears ago understood a good deal 
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aUnit X\w stn^ngth and quality of materials, and the possibilities 
of hoat, W01X' somewhat in the position of the man who inquired 
of tlie gartlener at a certain famous educational institution 
in Kjiglaiul, how he produced such a beautiful lawn, and was 
answoiod: 

**Yovi must first Unvl and prepare the soil very carefully, 
ihon p^t and sow tht^ >Yry best seed to be had, and then mow 
and trim the lawn a crniple of hundred years or nK)re, and you 
will p^t tho ivsultx< you aiv looking for." 

TIh^ p^noration of steam in boilers and the use of that same 
stoain in pumping engines, aif two totadly different ope:a- 
lions: inilefvndont, and distinct. And from this it follows, 
:V.,Ht tho KMk^rs a:o not responsible for the steam used and 
xN.'istttl by t))e t npnt\ and that the engine is not responaUe 
fi^r the cwst of tht^ steam produced by the boilers. But in the 
iH:ly da\> Kvk of iht^ last century, when the pumping of 
\x,s^r WAS A li:v.iuii industry, before men had looked quite 
-H> fH- in;o .Vi! si.it s of iht^ qiiestion. and had in a hard-headed, 
:^-.v*;irA: \x.sv. oi^rwJ or.lv the coal shoveled into the boiler 
:„Sk> > A'.-i.i tS ,vv v.:.: v" i*-aur T:*ia<ie to run away from 
— V* ;:.; :..:•: :\ ::.r :v:::.;\ uv^k hold apparently of only 
/•• :':.: . : .•• v.. :r. ">. .s] vami'?:, aM thai wis the endne 
V\ •: r. x^ :•: r. :> >:/ar.. Z'Tftssn^ was raided for better 
-. .\ *.•■' \ •*:■..: " ;••- ^ .-'< '.: ^.ss :c, accociit of the tnov. and 
V- :».••>>.■ v.;» 's; v -.v-.: ::.i> tkw rooiitioc. Tbe^oce 
:: v».s- ..s:..:. : •..- : :.a: :>; Sssa> x IX^ iT^ cc K«a: si 
r.-,\. ; :>T.v:.- :>:•,: ..->•.: x> -> ;:t.:: :/ what w»s 

y ^''^ '*'-. v.: . .*. • A." -. -*"■"> :.».i:. .t t2K ftifC "a 
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lbs. of good Cumberland coal would readily evapo.att^ 1,000 
lbs. of water into steam, and so the unit of 100 lbs. for the 
consumption of fuel was based upon the assumed evapovation 
in the boilers of 10 lbs. of water per pound of coal ; the actual 
lecord of coal for a duty test being ascertained by weighing 
the feed water which was to be made into steam in the Ixiilcis, 
and dividing the amount of water so found by 10, the result 
being taken as the weight of coal which would be consumed 
on account of the engine, upon the basis of 10 to 1 evaporation 
in the boilers, It did not require very much time after going 
so far to perceive that a still shorter road to a statement of 
the results obtained, would be to base the duty developed 
directly upon the unit of 1,000 lbs. weight of steam delivered 
to the engine. The ib</> of this basis, separating, as it does, 
the performance of the boilers from that of the en^ne, is now 
very much used, although still another basis has been brought 
forward, and that is the million heat unit basis, which is simply 
another way of using the old coal basis of 100 lbs. by assuming 
that good boiler work consists in utilizing 10.000 heat units 
per pound of coal by the boilers, or 1,000,000 heat units per 
100 lbs. of coal. The method of testing a pumping engine upon 
the baais of work done by the main pumps, per 1,000 lbs. of 
dry steam supplied to the steam cylinders, jackets, reheaters, 
etc., appeals to the writer as the simplest and most satisfactory, 
and also the method most in line with the actual performance 
of making and using of steam for the pumping of water. The 
heat unit basis is, perhajis, strictly speaking, the more scien- 
tific, and a method which builders of pumping machinery will 
want to know the results of. But, after all, the steam must 
be made at some certain cost entirely independent of either 
method of testing, and the feed water must be weighed in either 
case so as to know how much either of steam or of heat goes 
into the cylinders and appurtenances of the engine. 

FiM, taking up the 1,000 lbs. of steam basis, reckoned from 
the weight of feed water; when the contract requirements 
for duty are based upon the quantity of steam sent from the 
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boilers and used in the en^ne, great care must be taken to 
accurately determine this amount; all connections between 
the boilers which supply steam to the engine, and other boilers 
in the station, must be either broken or closed with blank flanges. 
The water used as feed water for the boilers supplying steam 
for the test, may be drawn from the force main or other suit- 
able source, and discharged into weiring tanks or barrels 
placed upon platform scales, ihe scales having been tested 
by some sort of official wei^ts; and from ihe weiring barrels 
the water is discharged into a tank or barrel from which the 
supply for the boilers is taken. Provisions must be made 
for either obtaining the weight of the drainage from con- 
densed steam within the main steam pipe, or for returning 
this water directly to the boilers; but the drainage of con- 
densed steam from the steam jackets and receiver coils must 
be allowed to escape as part of the steam consumed by the 
c^ngine. 

During the test, all steam used for mechanical stokers, and 
for- any other purposes not fairly chargeable against the work 
done by the main engine, must be taken from a boiler separate 
from the steam supply for the main engine, and this brings in 
the question of feed pump supply where the boilers are supplied 
with water by a pump independent of the main engine. The 
complete pumping engine must feed its own boilers, and this can 
be readily and often is done by an attached feed pump on the 
main engine ; and so this amount of work, amounting to about 
one quarter of one per cent of the total power, is in such case 
provided by the pumping engine itself. When an independent 
steam pump is used, there would be a consumption of steam in 
p.oportion to the work of feeding the boilers, very much in 
(»xcess of what would be required by the main engine for the 
same amount of work with an attached feed pump. This use 
of steam by an independent pump would unfairly and adversely 
aflfect the duty record of a pumping engine, so a compromise is 
in ordor : and a i eaj^onable one is to charge the main engine with 
the wo k of feeding the boilers by deducting the foot pounds 
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represented by sorii an amount of work, from the total woik 
shown by the main engine, before dividing the total foot 
pounds for the duty results. The writer distinctly remem' ers 
such a oontroversy some years ago when testing a pumping 
engine in oonjunction with Professor DaWd M. Gieene. The 
profesor rep.esented the city buying the engine, and the ^liter 
rep:esented the builders: and in summing up the articles, so 
to speak, just before the test was commenced, the absence 
of an attached feed pump became kno^n. The city's rep- 
resentative and the builders' representative promptly began 
a li^-ely debate, and at one time it looked as though the third 
man provided for by the contract in case of dispute would 
have to be sent for. 

The city s man said that the engine was not complete unless 
it fed its own boilers, and in the absence of its o\\'n feeding 
appa atus the engine must take the consequences. The build- 
er's man said that the duty was to be based upc»n xIk' steam 
consumed by the engine itself and not by a steam devouring 
direct acting steam pump requiring 200 lbs. of sU'am per horse 
powier hour. Finally the suggestion was madt-. — nicKJesty for- 
bids recording by whom, — that the foct pounds fouiid by 
multiplying tlie weight of the feed water, by th*- h^-ad in f^t 
represented by the boiler steam p:<:ssu:e, U- dedur-t^d fjorn 
the total work of the main pumping •-nginf' Y^uj:*- t}j<' fjiiaj 
calculation for duty was made, and then the st^ai!: for tl'j^- ind'.- 
pendent steam pump to be taken fron: a bcaif-r ^para*'- from 
those supplying the main engine. 

-Vfter diie ocMisideration, and a pTop^^r ai:.ouL: of -u-pi^iorj 
displayed by the other man, this was a^rn-d urx.^ri aiid th* u 
- the clouds disa{q>eared. The princip^ inv^.lv*-.] i:; :;.i- a'<i; i-t- 
ment is that a pumping engine ulj*-:- T:.is ^-.yx ^f a v-i -l.oijld 
do certain things that fairly belong ;■.• i> '»v.,:k. aj:d if i: i- L^t 
fitted up to do all of t^ie proper auxiiiary -vo'k. t:.- :. Lav* it 
done in some convenient wav, and cha:^'- ^-y':. y^^rk iictuu]\\ 
done to the main engim-. but do not har^dif-ap ';.-' nja-^-ijirj* l»y 
more wa«1x*fu] method- ti:ai] i: 'Uipk.y- iwi: Th* «rjijity 
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of the matter is that the buyer can get ihe benefit of econo- 
mical attached auxiliaries by paying for them, and the original 
price for the engine would have been hi^r if the auxiliaries 
had been attached to the main engine in the first place. 

However, this rule would not apply where an independent 
condensing apparatus is used in connection with a pumping 
engine, as the driving of the air pump is too much a part of 
the work of the main engine to be ignored. Too large a share 
of the economy of the machine comes from the use of a vacuum,- 
to omit the steam consumed by the independent air pump 
from that charged against the total work done; but of course 
in the case of the independent air pump if the steam is charged 
the main engine must be credited with the work represented 
by the operation of such an idr pump, as when the air pump 
is attached to the main engine the work done by the air pump 
is included in its own. . 

It is fair and proper to determine the leakage from the boilers 
and piping under pressure during the engine test, and deduct 
the amount found from the steam consumption, as it is plain 
that water fed to boilers for steam making cannot be fairly 
charged to the engine if a part of such water gets away before 
it is received by the engine as steam; and the records show 
that no boiler and its pipings are absolutely steam tight. The 
lowest record of leakage of boilers and pipes known to the 
writer is sixteen hundredths of one per cent; another low record 
is seventy-four hundredths of one per cent; and there are plenty 
of boi ers and pip ng easily as high as two per cent and more. 
In the absence of an actual test for such leakage, it is no more 
than fair to allow, say, one per cent for boiler and steam pipe 
leakage, when the duty of the engine is desired accurately and 
in the absence of prohibition on this point in the contract. 

If the boilers are to be measured for loss before the engine 
test is commenced, as good a way as any is to measure the 
amount which the water will drop in the glass gauges by draw- 
ing from the boilers certain known weights of water, and then 
note the difference in water level in the glasses corresponding 
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such quantities withdrawn. Tlirn ti.ing these readings 
of water levels to an average basis of one inch and correct if 
necessary for difference in tenipeiatmes; and this will show 
that for each inch and fraction of an inch of change in wster 
Icvt'l in each boiler, a certain weight of wat#r would ha^-e to 

»bc accounted for, either above or below any certain fixed mark, 
ioT a range within the ordinary uses of the boilers. 
After so fixing the rate of change in level and weight in the 
"boilers to be used for the engine test, a test for leakage should 
Sk made for these boilers, by placing them under the working 
Ipteaeure for, say, ten hours, and noting the loss in water level 
as indicated by the drop of the water in the glass gauges. 
Any steam condensed within the main steam and connections 
during this test can be sent through a pipe coil surrounded 
^^V by cold water and then weighed, the amount so found to be 
^^^■deduct?d from the amount noted as disappearing from the 
^^^boilers in the glass gauges. 

I A test should also be made to ascertain how much steam 

would be lost from t'le main steam p\\y} by the operation of the 
calorimeter, it being necesisary to blow a certain amount of 
I from the outlet of the calor meter to ascertain the per- 
^Dt^e of moisture in the steam going into the engine, where 
ler the contract the en^ne is entitled to the credit of such 
xntage of water contained in the ste-aiii. and also a credit 
: the amount of steam wasted in operating the calorimete'. 
Then, in a 1,000 pound feed water test, the net dry saturated 
1 used by the engine during the duty t<'Ht would tK> a«cer- 
led by deducting f.om the gross weight of feed water sent 
I the boilers, including what amount may lie needed at the 
J of the test, if any, to make up tlie correct boiler level in 
f gauge glasses; the leakage ascertained; calorinieteT waste; 
By other observed leakage liefore the Bteain reachcH the main 
rottle valve; ar. I the amount of wateT lepresented by th ■ 
L eatrainment within the steam paaiting the engine throttle valve. 
Sometmies in competition pumping engiiv IniiMeri' will 
try to outdo each other in the line of guaranteeing high duties, 
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and then bringing forward the argument that a hi^er duty 
at a higher price is a better engine than the reverse proposition; 
and sometimes the engmes are guaranteed so hi^ that it 
requires all sorts of e^^pert manipulation to meet the contract 
when the day of testing the en^ne at length rolls around. In 
such cases the entrainment of water in the steam is eageily 
looked after and very sharply too, for it is a direct credit, and 
the larger it can be made, the more the steam divisor is reduced 
in the final calculation, which teUs the tale of success or failure 
in the attempt to make the required duty. The story is told 
of a representative of one of the large makerb of pumping 
machinery, who must have been a real expert, by the way, 
who perceived that the results were alarmingly close, and, as 
he had exhausted every allowance he was entitled to, wiped 
the perspiration from the faces of the firemen and ruiming 
engineers, and by sustaining the claim that this should be 
added to the entrainment because its presence was due to the 
heat of the boilers, just managed to pull throu^ on the duty 
requirements. 

If the 1,000 lbs. of steam test is upon the basis of dry satu- 
rated steam, then any superheat in the steam used must be 
charged against the engine, by adding to the net weight of 
dry saturated steam ascertained in the manner already given, 
the weight of steam that could be made by the heat units 
shown by the amount of superheat observed. This would 
be done by multiplying the degrees of superheat by 0.48, which 
will give the units of heat in one pound weight of the super- 
heated steam over and above the regular amount of heat due 
to dry saturated steam ; and this multiplied by the net weight 
of steam used, and then divided by the difference between the 
total heat units in steam at the observed pressure and the 
heat units in the feed water where it enters the boilers, will 
give the extra pounds weight of steam to be charged against 
the engine in addition to that found in the usual way. 

WTien steam shows more moisture than it is entitled to 
according to the pressure and temperature of dry saturated 



DUTY TE.STS OF PC.\/PL\a EXOIXES 



363 



Ram given in a proper steani table, it is said to contain 
entrained water: and therefore if the contract duty is based 
upon dry saturated steam, a eorrection must be made in favor 
of the engine, because there is more weight in the steam charged 
against it than dry saturated steani can show. As the laUrnt 
beat in the steam is the same percentagi^ short aa the percent- 
age of moisture, the correction can be made by multiplying 
tJie latent units of heat from the steam table according to the 
pressure observed, by this percentage expicssed in decimals^, 
and the result will show how many heat uniti' must be deducted 
from the total heat in the steam to give the actual heat 
units in a pound of the moist steam. Then this result divided 
by the total Iieat ^ven in the table will show what percentage 
of a pound of dry saturated steam the actual amount of heat 
will make. This latter result subtracted from one 1 1) will 
indicate the percentage to be deducted from the net weight 
of steam obtained during the test already referred to. 

SecvTid, taking up the miUion heat units basis, it will per- 
haps be well to remark that a heat unit, or a unit of heat, com- 
monly known as a British Thermal Unit, is the amount of heat 
which will raise the temperature of one pound of fresh water 
one degree, on the scale of the Fahrenheit thermometer, that 
is the ordinary thermometer we are used to seeing every day 
(water at a temperature of 39 degrees). 

When the requirement for duty is calculated upon the heat 
unit basis, it is made to cover all of the heat used by the 
main en^ne and its appurtenances and auxiliaries; including 
the steam cyhnders of the main engine, steam jackets, reheat- 
ing coils, steam feed pump if such is used, the independent air 
pump if one is used and driven by steam, and every other appur- 
tenance and appliance or apparatus using steam, and necessary 
to the operation of the pumping engine. In the steam supply 
for the engine, allowance must be made for moisture or for 
superheat as the case may be, as the heat unit basis demands 

Wt the real total heat of the steam be det^-miined. 

: heat units consumed by the engine ia the difference 
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between the heat units sent into the boiler in the feed water, 
and the heat units taken out of the boiler in the steam which 
the engine uses. This difference is supplied by the burning 
fuel, and it is the total amount of heat given up by the fuel 
to: steam, legardless of the quality of the fuel itself, and which 
is divided into blocks of 1,000,000 heat units each. From 
this the work done by the engine per million heat units is found 
by dividing the total work done by the engine in foot pounds, 
by the total number of heat units shown to have been sup- 
plied which will give the foot pounds of duty for each unit, 
and this number multiplied by 1,000,000 leduccs the result 
to the basis desired, which is the number of foot pounds of 
work done by the engine for each 1,000,000 British thermal 
units consumed by the engine and its appurtenances. 

If any heat is obtained from the boiler smoke flue or con- 
nection by the use of a coil or similar device connected with 
any pait of the engine, so as to give the engine the advantage 
of heat escaping fiom the boilers, this heat must be added 
to that which is indicated by the steam consumed; because 
it will be heat from the combustion of the fuel just the same 
as though it was received by the engine in the form of steam; 
also, heat obtained and absorbed bv the feed water fiom 
coils or heaters in the boiler flues and connections is to be 
treated as an addition to that obtained over and above the 
heat put into the feed water by the engine itself and its appur- 
tenances. In fact, no allowances are to be deducted from 
the heat charged against the engine, which comes from any 
source excepting the engine and its appurtenances. 

As the heat unit basis depends upon the actual amount 
of heat in the steam used, the total heat of the steam found 
in a steam table is corrected for entrained water, or moisture, 
and also for superheat. Steam contains moisture because 
then* is not enough heat present in the steam to make it dry; 
and as the sensible temperature, or the temperature shown 
by the theimometer, is always in e\idence according to the 
pressuie, it follows that the shortage is in the latent heat, or 
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that poition of the heat in the steam which the thermometer 
does not show, but which ia absoibed at the time of evapora- 
tion in the boilers, Tlierefore, if there ia one per cent of mois- 
tue or entrained water shown to exist in the st^am, the latent 
heat is one per cent short; so the units of heat given as \&U}Tit 
^^jji the Kteani table are to be discounted one per cent, and the 
^^Hotal heat in the steam is to be taken at one per cent of the 
^^Ktent heat short of the total amount given in the steam table, 
^^^BCr pound weight, 

^^H Another way for determining the amount of heat consumt^d 

^^Htty the engine and its appurtenances, when thete is nioistuie 

in the steam, which will give the same result as that already 

given, and therefore furnish a check on the first method, is as 

follows: 

^^B After the correct weight of the feed water has been found, 

^^^■llbtract from this weight the percentage of moisture in poimds, 

^^^bown to exist in the steam; the weight of the moistuie or 

^^Kntrained water is found by multiplying the correct wilght 

^^Hif the feed water by the percentage of moistuie express* d 

^^^p) decimals. The remainder ^ven by this subtraction will 

^^■X) the weight of dry saturated steam possible to make with 

^^fpK heat present. 

^^" Next multiply this weight of dry saturated steam by llie 
total heat units per pound found in the steam table ; and tiieii 
multiply the weiglit shown by the percentage of moisture, 
by the units of heat per pound of water at the ti'inpt-rature 
due to the pressue observed. The sum of these will Ije tin- 
total heat actually supplied to the engine, which nmst be 
^^feorrected tor duty calculations by subtracting tJie units of 
^^Heat sent into the boilers by the various supplies of feed wbUt. 
^^F If the steam ia superheated, it indicates that whatever num- 
ber of degrees the steam is shown to be hotter than the tem- 
perature called for by the sleani table due to the ol^served 
-preaBure, there is present in the steam 0.48 of a unit of heat 
• each degree superheat above the normal temperatuie oi 
I called for by the table. Tlie heat to be added to the 
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account against the engine by reason of superheat, is found 
by multiplying the number of degrees superheat by 0.48 and 
then multiplying this product by the net wei^t of the feed 
water shown to have been used for steam. 

When the feed water is combined from all sources about 
the engine and sent to the boilers as one body, at one average 
temperature, this temperatuie is to be taken at some conven- 
ient place as near to the boilers as practicable. But when 
there are several separate temperatures of feed water sent 
by different pipes so as not to conveniently combine together, 
as, for example, one from the hot well, one from the jacket 
condensation, and from reheater coils, or other sources at dif- 
ferent temperatu.es, they are to be treated separately on 
account of the heat units due to the various temperatures 
to be compared with the steam going to the en^e. 

Then the total number of heat units, or Briti^ thermal 
units, consumed by the engine and its appurtenances is taken 
f:om the weight of the water sent into the boileis by the main 
feed pump; the weight of the water sent in from the steam 
jacket drainage ; the weight of the water sent in from the reheater 
coil drainage ; and the weight of any other water sent to the 
boilers at a different temperature from any of the other sup- 
plies. These different weights are to be multiplied by the 
total heat in the steam, calculated from the different tem- 
peratures of the different sources of feed water; and the result 
obtained in heat units added together for the total heat units 
consumed. 

Even under the heat unit method for calculating the duty 
of a pumping engine, the contractor sometimes guarantees 
a rather high duty, which of course has to be shown somehow 
or other by the expert, or at least earnest endeavors to show 
that everything is all right have to be put forth now and again. 
Another story is told of an incident which happened in con- 
ii( ction with one of these heat unit duty tests, also involving 
one of the larger manufactureis: in fact, the large buildeis a:e 
the oms who have such blight and attentive lep.esentatives. 
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with weirSy and a weir would make itself ridiculous and every 
one connected with it as well, if it indicated more water by 
having too high a velocity of approach than the plungers could 
displace. Also, experiments tried by the writer have at dif- 
ferent times demonstrated that the record of a measuring 
instrument placed in connection with the suction flow will vary 
at all times, with a record of the same instrument placed in 
connection with the dischaige flow, and vary greatly sometimes. 
The slight leakage around outside packed plungers can be 
measured down to a very fine point and the correction made 
for readings before and after the water has been pumped. 
Allowing, then, such corrections, the quantity flowing through 
the suction ought to be the same as in the delivery if the 
quantity is really and accurately measured, or at least correct 
within the limits of trained observation. 

Another experience is also recalled, where there was an oppor- 
tunity of comparing the delivery of a large and perfectly con- 
structed weir according to the Francis formula, and two Venturi 
meters. Very great precautions were taken in making the 
comparisons, and considering the amount of care and precision 
given to the work, there is no reason to doubt that every possible 
error in manipulation and observation was avoided. There 
was a disagreement of about 2 per cent between these two 
methods of measuring water, and this disagreement is more 
than any well regulated pumping engine will show under 
good conditions, with as clear water as in the above mentioned 
test, and with outside packed plungers. No reflection is 
intended upon either of the above methods or against any 
othiM* method; the desire is only to get at the facts as closely 
as |x)ssible ; and where weirs or meters can be used in conjunc- 
tion with plunger displacement, it is by all means the thing 
to do in endeavoring to a. rive at the facts. 

The work actually done by the steam engine portion of the 
machine where the plungers are moved against a water press- 
ure or load, is just the same as though none of the water escaped 
going into the force main. The water that escapes past the 
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plungers or through the valves, goes out under the working 
pressure, and the power developing end of the engine knows 
no difference as to the means and way of escape in quantitic s 
up to the ordinary losses in such machinery. It is not diffi- 
cult to deteimine very closely the amount of loss or leakage, 
if in the interest of the buyer this is desired; but as such losses 
in a well made pump in good order are very small, there is 
really very little use in spending money beyond what is de- 
manded by proper surroundings for the engine. If a pump 
is well designed and made, with the size, number, and lift of 
its water valves in good proportion to the capacity, pressure, 
and speed, for clear fiesh water, the builder should not be held 
responsible as to the amount of water it will actually pump 
imder bad conditions; and it will be to the interest of the buyer 
to have his conditions brought as neaily to the clear water 
basis as can possibly be done. The pump is not responsible 
for chips, rubbish, fish, and other things not meant for a pump 
to handle, and the buyer and user is greatly interested in seeing 
that the pump well is properly screened and kept clear of all 
substances not intended to be in there. So, according to the 
writer's views, the most practicable way to meet this questicm 
is to calculate the plunger capacity 5 per cent above the nor- 
mal contract capacity in order that the buyer will be very 
certain to get the full amount of water figun^d upon for actual 
use, or waste, and then make the duty t05«t Sf|uarely upon the 
plunger displacement. If all makers bid upon this l>a.<is uncler 
competent specifications, the buyer will ga^i just alwiut what 
he is looking for, so far as capacity is concermHl: the cluty 
shown upon test by plungL'r displaceiiM'nt will l)e a pnhI cciti 
ventioDal guide for future operations, and with a proi^r (li>* 
(daoeroent piunp, will under good conditions U as cU^^ io \\\v 
facts as any other practical methcMl will can y liitti. 

Id finding the plunger load, a nKTciiry column \> «!< lidcdly 
the best and most accurate way. and it i*> worth while* liking 
some trouble to fit one up for a t^st. 1V>('<I \^nfM pi^tv>iu«) 
gauges, compared with soum' ptTniarHndv <'<Hi«-'(tM<Jf ti nui- 
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cury column, wheie one is available; or with some form of dead 
weight apparatus, as, for example, the Crosby dead weight 
testing machine, will answer very well for leading the load, 
if it be impracticable to set up a temporary mercury colunm 
in connection with the engine being tested. In most pumping 
stations there is hei^t enough from the basement floor to a 
moderate distance above the main engine room floor, to place 
a mercury column which can be" well made of iron pipe most 
of the way, and with several feet of glass tube near the upper 
end; but the mercury should not come in contact with brass. 
A very perfect reading scale can be easily attached to a board 
near where the mercury level would natuially come, when 
the tube is filled up with the mercury to the working load. 

A bench mark can be established by means of a siu-veying 
instrument, and to this bench mark all vertical measurements 
can be referred. The elevation of the water in the pump 
well can be read from a graduated boaid set to correspond 
' with the established bench mark, in such a manner that the 
reading of the mercury column or pressure gauge, whichever 
is used, can be added to the reading of the well gauge, and so 
give the total head in feet against which the plungers operate. 
But there are generally certain corrections for temperature, 
disturbance of water levels, pressures, etc., etc., to be made, 
for finding the actual working head under the conditions found 
at different pumping stations. 

The diameter and stroke of the plungers submitted in a 
bid, and shown in the plans for a pumping engine, should be 
verified before jx)sitive statements about a duty test are made. 
These measurenu nts should be made by instruments of pre- 
cision, such as inic. onieters, steel scales and tape lines, from 
well recognized iiiak( rs. The actual dimensions of the work 
as furnished in the engine is generally found to vary some- 
what fiom specifications, even when coming from the best 
concerns, although, to the credit of the builders, generally vary- 
ing in going a little over the full measure; as, for example, in 
two cases known to the writer, of recent occurrence, one a 
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tiiple and one a cross compound pumping engine. The 
loungers of the triple machine were high pressure 28.253, and 
intermediate pressure 28.253, and low pressure, 28.259 inches 
diameter; the size called for in the contract was 28.25 inches, 
{or all. The stroke for high pressure 60.05, and intermediate 
pressure 60.01, and low pressure 60.03 inches respectively; 
the stioke called for in the contract was 60 inches. In the 
cross compoimd, the plungprs were, high pressure 18.263 and 
low pressure 18.279 inches diameter, where 18.25 inches dia- 
meter was called for in the contract for both plungqrs; the 
stroke of both plungers was 48.125 inches where 48 inches 
was called for in the contract. These differences are very 
fine, but they show that these engines would meet the dis- 
placement capacity without any doubt whatever. 

The capacity of the plungers per revolution of the engim*, 
in cubic feet, having been established from the diarneUT aiid 
stroke foimd by the measurements, the weiglii of a cubic fcnit 
of water must be decided upon, and from thin the weiglit of 
water per revolution is readily obtained. The ruitnlxT of V. 8. 
gallons per revolution is obtained by multiplying the' cubic* 
feet by 7.4805, the number of I J. S. gallorw of 231 culm' irn»lM»« 
each, contained in one cubic fcK)i c)f 1 J2H cmWio luvUof^ In 
ascertaining the weiglit of a cubic foot of wiili»r in flu» pump 
weU, the temperature muxt Ut known, luid the w« Ighi ««)»!< 
sponding to the obsiTved temi>i*rtttun* may ju.**< to* w< II 1^^ (<tk( t> 
from some well recogniw^d tabl<* of w<*iKli<> of wulit ai dHlM* »ti 
temperatures, a« it Ih ituiH^ihW to k<1 any v<xx| tu« <**•«!.< d 
closely enough for a cubic fo<;t or a <ubir Jn«h, ni any •/U»t » 
capacity, for any two, or any oIImt nurttlHt <>( itu m (o 0*mI 
exactly the same. T^^n of th<* woil^l^ ^m^in-i uni\,»)tu\ti, 
all differ slightly in ih* w<M|^it <>f a ('uhk< (<m>< «)l vh<4(<* a< (lu= 
same temperatu^^ 'J'hc^y <lif1<'» vc»v hnU «.; i;« <'4*i. oii<l 
very likely a« much from tlw diHuMjI^v «»t (^,*n\»*^ «i»« -u***.****.! 
vessel of measuiem<^nt Ua- ^tatm m t*\\ *i4.^ * «- <•.!«• 44«M<^*i'i6' 
else. It is imjxwj^ibl** lor <>i4< i»iMn <•> ihmI.. «\*. v... .1^ M\\m 
in size, and al^o for two iu< n <^> nt«4l>« «vti i^oii «ut>l havi inAU 
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the same size. Such duplication is beyond the powers of 
human faculties; but they get them near enough for practical 
puipos€s, and very much nearer than the results can be read 
and recorded in a duty test of a pumping engine. 

In an ordinary duty test a slight disagreement does not mat- 
ter so very much, as to the weight of a cubic foot of water, so 
long as the contract duty is fully met; but in a duty test where 
money as a bonus or a penalty is to be charged against or 
credited to the contractor, according to the duty obtained by 
the engine, some absolute figure must be agreed upon for the 
weight, because only one result is permissible. The writer 
after many observations, and consulting many authorities 
upon the subject, has arrived at 62.42 lbs. for the weight of a 
cubic foot of water at or below 48 Fahrenheit, and above that 
temperature is governed by circumstances bearing upon the 
case at the time of a test. 

Fiom the weight and capacity per revolution the result 
per minute, hour, day, or any other period of time, may be 
easily computed; and the weight of water so found multiplied 
by the correct total head against which the plungers have 
wo: ked duiing the duty test, will give the foot ix)unds of work 
done, and against which the weight of steam, or the number 
of heat units, a e to be charged in finding the final results. 

liefore the test is commenced, the various substances and 
instruments needed in the work should be carefully considered 
and their respective values agreed upon, so that a unanimous 
decision can be reached when the test is finished. And it is 
also necessary to fix certain points of elevation so as to have 
proper data upon which to calculate at any time needed; such 
points of elevation should be observed and recorded. 

Sometimes in testing a pumping engine for duty, instead of 
weigliing the ingoing feed water, the record of steam consump- 
tion is obtained by weighing the outcoming water of condensa- 
tion where a surface condenser is used with the engine. In 
such a case the steam consumed by the engine and its appur- 
tenances is taken as the weight of the condensed steam delivered 
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by the air pump from the surface condenser; tlie wi'ight of 
the condensed steam rejected by the reheating coils of tho 
receivers between the cylinders; and the weight of the con- 
densed steam rejected by the steam jackets of the engiiu\ phw 
any amount observed as leakage or loss before the condc'timMi 
steam reaches the weighing tanks or barrels, and phm thci 
amount that may be used by any independent appa: atUH nec<^fi- 
sary for the operation of the engine itself. All of th(^H(* arnountfi 
so found are to be treated the same as similar (juantiticH ni<*n- 
tioned in the feed water method for determining the ftLsin 
consumption, or for determining the heat suppli(^d to tlie engine 
and its appurtenances, \yith this method of finding the hU^bxii 
consumption by means of the conderwed steam, there are uiied 
the same means for determining the plunger capacity and 
load, as in the methods already described. 



INDEX 



PAOB 

A. 

Air chamben: 

benefits of 273 

genend use of 266 

greater use of 270 

location of 268 

practical application of. 269 

proportions of 271 

strength required in . 271-272 

Atmosphere, the: 

height of lift possible from 

pressure of 232 

natural pressure of ... 230 
operation caUed suction 

from 230-231 

suction lift due to . . . 229 
vacuum test of pressure 
from 231 

Attachment: 

Worthington high duty, 116-117 



B. 

Boilers: 

basis of heating surface, 
teble 95 



C. 



PAOB 



efficiency of ... . 7 
first steam bofler . . . 


^ 


80-81 
9 


heating surface of . . . 
items affecting .... 
remarks on 




94 

93 

. 102 


table of efficiencies . . 




83 


table of heating surface . 
utilizing waste heat of 




96 
. 103 


Brick: 


in foundations .... 


• 


. 211 



Clearance: 

in steam cylinders . . 165-297 

Coal: 

heat derived from .... 83 
slack and anthracite . . 89-90 
value of anthracite . . . 88-89 
value of bituminous ... 87 

Concrete: 

in foundations 212 

voids in 213 

Corliss: 

George H., portrait of . . 66 
Pawtucket pumping engine, 

17^181 
pumping engine without 

steam jackets 65 

valves for steam cylinders, 293 

Costs: 

as compared with different 

plante . . 225^22^227-228 
comparisons of, based on 

low duty 224 

for and against high duty 223 

of boilers 218 

of coal, maintenance, 

wages, etc 216-221 

of pumping per million 

gallons 222 

of pumping plants . . 217-220 

Crank, the: 

.disputed invention of . . 14 
of Holly quadruplex 

engine 127 

load on pins for 336 

materials for 331 

of steamboat engines 127 



365 



866 



INDEX 



PAOX 

Crank, the {eorUinued): 

pressing fits for 331 

Cross compounds: 

Allis-Chalmers . . . . 316-320 
frames and bedplates for . 320 
laige specimens of ... . 326 
limited capacity of ... 321 
limited power of .... 320 
Hatt Iron Works . . 316-320 
Snow Steam Pump Works, 

316-320 

vertical 324 

Worthington 316 

Cross Heads: 

cross-compound, horizon- 
tal engines 308 

eariy Gaskill engines . . . 306 

forged 304-310 

generally 303-312 

later Gaskill engines . . . 307 
pressure on shoes of . . . 312 
vertical crank engines, 310-31 1 
Worthington engines, 

303-304-305-309 

Counter-bores: 

faulty specimen of ... . 281 
in steam cylinders .... 301 

D. 

Duty: 

at different thermal effi- 
ciencies 44 

at high piston speed ... 43 

at high steam pressure . . 44 
average of American 

engines 24 

different expressions of . . 28 

economic steam 22 

from 1893 to 1906 ... 37 
items affecting in boilers ' 93 

of crank engines 22 

of Gaskill engine 32 

of Holly quadruplex 

engine 31 

of the crank engine ... 28 



PAOB 

Duty (conHnued): 

first duty of a pumping 

engine 2 

of present time with 1,000 

pounds of steam ... 23 

on coal 92 

per 100 pounds of coal, 

79-8(>-«l-82 
percentage of coal and 

steam 83 

present high record ... 22 
relation to steam pressure 25 
Reynolds Hannibal engine 33 
Reynolds pumping engines 158 
Saveiy, Smeaton, New- 

oomen and Watt engines 22 
Simpson engine at Chicago, 30 
steam compared with coal, 82 
with and without experts, 186 
Worthington high and low 

duty engines 31 

Worthington engine with 

superheated steam . . 23 
Duty tests: 

calibration of instruments 

and substances for 360-361 
comparison between weirs 

and meters for .... 336 

definition of 343 

different basis for ... . 345 
leakage from boilers dur- 
ing 348-349 

measurement of plungers 

for 358-359 

Mercury column for load 

during 357 

moisture in steam during, 

351-353 
per 1,000 pounds of steam, 

345-34^-347 
per 1 ,000,000 heat unito, 351-352 
superheated steam in . 350-353 
total heat units consumed 

in 354 

weight of cubic foot of 

water for 355 



INDEX 



367 



PAOB 



Duty tests {corUinued): 

work done by plungers 
during 355 



E. 

Efficiency. 

all round world's economic 

record 44 

economy of highest type of 

pumping engines ... 46 

highest themud record . . 44 

table of thennal 185 

Engines, steam: 

Coriiss, operated by com- 
pressed air 49 

Hero's 9 

Papin's model 11 

Expansion, steam: 

dry initial steam for . . . 26 
in fast and slow running 

engines 27 

in a Coming engine ... 27 

ideal ratios of, table ... 27 

lowest terminal pressure of, 26 
relation between terminal 

and mean effective . . 35 
shown by Mariotte curve. 47-62 

with 5 pounds terminal . . 38 

with 7 pounds terminal . . 38 

with 10 pounds terminal . 38 

Experts: 

before buying engines 193 

duty tests run by ... . 94 

use of 91-193 



F. 

Foundations: 

anchor bolt washers for 21 1 

concrete for .... 212-214 
concrete piling for . . 206-207 
cut stone and rubble work 

for 214 

engine sole plates on . . . 214 



PAOB 

Foundation8(oon/«nuerf) : 

general 197 

grouting of 211-212 

investment in 199 

live load upon 198 

materials for 211 

stone and brick for ... 211 

test holes for 205 

timber piling for ... . 211 
underpinning building walls 

for 18^202 

upon rock 198 

voids in concrete for . 212-213 

Frames and bedplates: 

forcross compound engines, 320 
for horizontal engines . . 314 
for vertical engines 321-322-^23 
from eariy to late engines, 315 
galleries and platforms for, 328 

general 313 

general principles of . . . 313 
large Worthington vertical 

engines 326-327 

science of 314 

single ''A "frames . . 324-325 



G. 

GaskiU: 

cross head of engine . 306-307 
cut of compound engine . 135 
cut of triple engine . . . 137 
date of appearance of 

engine 13 

Harvey F., portrait of 134 

high duty pumping engine, 

31, 134-135-137-13^143 
latest compound .... 139 
number of engines .... 143 



H. 

Heat: 

Camot's theory oC . . . , 19 
effects of, on compressed 
air 48 



8ti8 



INDEX 



Heat (con^thiiati) : 

Joule's mechanical equiva- 
lent of 20 

nature of 1 

theory of heat engines 
baaed upon thermody- 
namics 21 

units of, from combustion 

of coal 83 

Historical: 

Birth of James Watt 12 

Camot's theory of heat 19 

crank and planet wheel 14 

Homblower 15 

jet of water caused by 

steam pressure .... g 
Joule's mechanical equi- 
valent of heat .... 20 
L«upold's pumping engine, 13 
L«upold and Smeaton . 11-12 

McNaught 16 

Papin's steam piston 10 

pump valves 241 

principles of steam engines, 18 
raising water by steam 

power 8 

science of heat and ther- 
modynamics . . . 20-21 

steam boUer 9 

suction and force pump 9 

Watt's monument .... 19 

Watt's specifications . . 14-15 

Woolf 1(5 

HoUy: 

Birdsill. portrait of . . . 12) 
quadruplex pumping en- 
gine .... 31-123-124-133 
Homblower: 

engine 15 

Horse power: 

indicated strain horse 

power 99 

of water ends of pumping 

engines 98 

table of, indicated .... loi 



99 
101 



. . 197 
. . 197 
197-214 
. . 202 
. 204 



I. 

Indicated horse pow^r: 

steam 

table of . . . . ; 
Initial: 

effects of steam on pistons, 42 
foroe in steam engines . 40-42 
pressure on pistons, 

282-284-286 
Installation of engines: 

in a new building . 

in an old building . 

of pumping engines 

unit of capacity for 

unit of plant for 

Investment values: 

basis for boilers 218 

basis for fdants in tables . 217 

basis for pumping machin- 

^'y 218 

capacities for 222 

data for tables . . . 215-216 
of pumping plants genei^ 

^y 215-228 

prices of engines for ... 216 
tables giving data for, 

219-220-221 



L. 

I^avitt : 

E. D., portrait of .... 182 
Lawrence pumping engine, 

18^299 
steam cylinder . . . 298-299 
steam jacket .... 298-299 



M. 

Mariotte curve: 

advantages of working by, 50-51 
birth and death of Edme 

Mariotte 47 

curve actually obtained in 

practice 49 



^^^^^^^^F INOBX 869 ^^M 


^^^Huriotto curve (eonttauai): 


"" ■ 


^^^B explained by glass tube 




^^^H and mercury 48 


PiatoHB, steam: ^^M 


^^^H in Bin^ large cylinder in 


effects of counlerbore on, ^^^| 


^^M practice 50 


281-282 ^^H 


^^^^H law of curve of expanding 


general principles .274 ^^^| 


^H K-«> 


initial presHtire on, 2S2-284-2S5 ^^H 


^^^H reduction in range of teiii- 


most effective form of . . 275 ^^^| 


^^H perature 55 


packing rings for ... Z7S ^^^| 


^^^H ibeoreticiU, in single cytin- 


Se-inch piston . 282-283-284 ^^H 


^^H der 


84-ineh piston . - . 284-286 | 
weight of 58-inch piston 284 


^^^H tbeoretical. through three 


^^H cylinder 5.V54 


weight of 84-inch piston . 285 


^^^B through three cylinders in 


16-inch piston . 27B-277-278 ^^J 


^^B practice, 57-58-50-60-61-62 


23-mch piston . . - 278-279 ^^M 




weight of 30-mdi piston , 282 ^^H 


^^K babbitt metal 342 


Plungers : ^^H 


^^^^ compoaition 342 


best known forma of . . 256 ^^H 


^^^H cranks and fly wheeU for . 331 


be«t speed for ... . 255-256 ^^M 


^^^1 cntnk pin load 336 


centre packed . . 261-262-263 ^H 


^^M cylinders for 341 


correct meaxurement of. 251 ^^H 


^^M fly wheels for 341 


description and nature of . 249 ^^H 


^^H generally 329-342 




^^H inspection and testing . - 342 


differenlial 263 ^^H 


^^H perfect castings . . . 24S-249 


ends of plungers ... 249 ^^H 


^^H piUow blecku tor . . 337-338 


fire engine plunger expert- ^^M 


^^^^H pillow bloctta for vertical 


ment 258-259 ^H 


^^^ engines 33S-339 


inskle packed . - . 259-260 ^H 


^^^^ preasing fots tor 331 




proportions of cranks . . 336 


motion diagrani for crank ^^H 


Rankine's formula tor 


engines 2.52-2.53 ^H 


^^^ shafts . . 333-3S4-335 


motion of direct acting , . 254 ^^| 


^^H steel castings 341 


office or work of . , , - 249 ^H 


^^H itrength of foiginga ... 330 


outside packed . . . 259-361 ^H 




perfect displacement by . 251 ^^M 


^^" for forgings 330 


plunger and ring . 256-2S7-25S ^^M 


■ test specimens of .... 330 


iDd connection of . . 284-265 ^H 


wrought iron 342 


single acting 263 ^^H 


HeNaught: 


two distinct principles of, ^^H 




250-251 ^^M 


Hecfaonicol efKcipncy: 


Pumping engines: ^^H 






of plungers 250 


comparisons 141 ^^^| 




compound non condensing 168 ^^M 


of plungers and valves in 


Corliss Pawtucket pump- ^^H 


. pumps 250 


ing engine .... 179-lSl ^H 



870 



INDEX 



rxam 
Pumping engines (continued): 

cross compound . 171-172-173 
cut of Gaskill compound 

engine 135 

cut of Gaskill triple engine, 137 
cilt of Reynolds original 

triple engine 155 

cut of high duty Worthing- 

ton engine 113 

cut of original Worthing- 

ton engine 107 

d'Auria pumping engine, 

176-177-178 
date of appearance of Gas- 
kill engine 13 

date of introduction of 

Holly quadruplex ... 124 
difference between Worth- 

ington and Gaskill ... 34 
eariy history of Reynolds 

engine .... 144-145-146 
first suction and forcing . 9 
first appearance of Worth- 

ington duptex .... 30-31 
first triple pumping engine 

in the worid 156 

Gaskill high duty .... 31 
Holly quadruplex . . 123-124 

Leupold's 11-13 

Newcomen's 11-12 

original design of Reynolds 

triple expansion engine, 144 
Piatt Iron Works pumping 

engines . . . 173-178-179 

present status of 104 

principal elements of . . 18 
procedure in buying, 

189-190-191-192 
record of durability ... 114 
regular standards .... 106 
regulating speed of . . 131-132 
Reynolds self-contained 

engine 158 

Reynolds North Point, Mil- 
waukee, triple engine . . 157 
Reynolds Hannibal engine, 154 



Pumping engines (eontimned): 
Reynolds Alle^ieny engines, 

147-148 
Rejmolds vertical triple 

engine 144-166 

Saveiy's 10 

section of Worthington 

high duty 115 

Shedd's Provideooe engine, 181 
Shields' Cindnnatti engine, 181 
Simpson's crank engine . . 29 
triple non condensing . . 168 
various types and daases, 

167-183 
vertical compound . . 174-175 
Worthington duplex, de- 
scription 106-122 

Worthington at Newton . 110 
Worthington vertical 119 

Worthington low duty 

triple 117 

Worthington high duty . . 31 
Pumping Plants: 

best conditions for ... . 93 

unit for 64 

Pumping water: 

actual conditions of . . . 93 
experience of Chicago . . 94 
first duty of a pumping 
engine 2 



R. 
Reynolds: 

Allegheny pumping engines, 

147-148-149 
cage pump valves, 150-151-152 
eariy type of pumping 

engines . . . 144-145-146 
Hannibal pumping engine, 154 
North Point, Milwaukee, 

pumping engine .... 157 
number of Reynolds pumi>- 

ing engines 166 

original triple pumping 
engine .... 144-155-156 



INDEX 



371 



PAGE 

Reynolds (corUinuea): 

portrait of Edwin Reynolds, 144 
self-contained pumping 

engine 158 

vertical triple pumping 

engine 144-166 



S. 



Selection of a pumping engine: 

data for 191 

for closed system of pipes, 

187-188 
for reservoir work .... 186 
specifications for . . . 195-196 
types and classes for differ- 
ent service 188 

with consumers involved 
in the question . . 186-187 
Simpson : 

type at Chicago 29 

pumping engine 29 

Steam: 

economy of pumping en- 
gines, 45 

first piston 10 

first turbine 9 

form of gas 1 

general principles of pis- 
tons 274 

initial pressures on pistons, 

277-278-282 
packing rings of pistons for, 275 
per pump horse power . . 96 
piston, 16-inch . 276-277-278 
piston, 23-inch . . . 278-279 
piston, three ring form of, 

279-280 
piston , 30-inch . 280-281 -282 
piston, 56-inch . 232-283-284 
piston, 84-inch . . . 234-285 
valve gear of Holly quad- 

ruplex engine 123 

Steam cylinders: 

boring of 301 



PAGE 

Steam cylinders (continual) : 

clearance in 297 

Corliss valves for .... 293 

covering of 298 

counterbores for .... 301 
dififerent jackets for, 

290-291-292-298-299 

in general 287-292 

jacket piping for 289 

jacket pressures for ... 289 
poppet valves for ... . 295 
ribs and pipe nozzles for . 294 

side pipes for 293 

valves across the heads of, 296 
Steam jackets: 

absence of, on a Corli.ss 

pumping engine .... 65 
apparent temperature of 

cylinder walls . . 76-77-78 
arrangement of piping for, 

159-160 
cast of engine with and 

without 70-71 

different conditions and 

classes of engines with . 70 
different fonns of, 

290-291 -292-298-299 
effects of varying steam in, 64 
effect on compound duplex, 65 
experience with varying 

steam in 71-72 

general statement of . . . 63 
percentage of steam con- 
densed in 66-67 

per cubic foot of cylinder . 56 

piping for 289 

pressure in, for good work, 67 

pre8.su res in 160-289 

proper combination of, with 

cut off 64 

range of temperature in 

cylinders 73-74-75 

side and head jacketing, 68-69 
tabl? of conditions for . . 68 
table showing increased 

use of steam in ... . 72 






I\J}HX 



St I MM*: 

(Mit stonpf<)rfoundatiori.s . 214 
nibble stonework for foiin- 

dntions 214 

Suction: 

artiialopoRitioriof . . 23() 231 

ehoiwof 2:« 

details of . . . •234-2:i.=> 'i:^; 37 
height of lift {Missible . . . 2.32 
lift and piix*s ... 22lf--2:iJ# 

liniittni fortv of 2"2t* 

nonnal conditions l)cfort^ . 22{) 

pi|)f» joints f(»r 2i^>S 

tableofpi|)e details for . . 2.31) 
table of pijies for .... 2^*7 
vacuum test of 2.31 

T. 

Tlieniial efficiency: 

duties and tliennalefficien- 

cu's 44 

liifj^hest n»conl of . . 41 

table of IS.') 

Triple expansion : 

first ap|N>arance in pu nip- 
in t; enj^incs 3.'» 

original triple pnnipinc; 

enfcine .... 144 -l.V» -l.Vi 
Reynolds vertical pumping 
♦'Tifijines 141 Itiri 



V. 



ValvcNi 






acn)ss cylinder liea<ls 


• • 


21M> 


action of 


V 


240 


ar«*a tlinnigli s<»:its of. 


245 


24l> 


Corliss steam .... 


. • 


•2()3 


Corliss .vteam valves 


on 




Wortliington engines 


. 


120 


('onn'sh pump valves . 


• • 


150 


♦•xix'rimcnt of steam . 


• • 


nu 


for various f yiM's of engines, 


21(i 


( laskill pump \'alves 


• 


140 


historv of 




211 


lift of pump valvrs . . 


213 


-2U 


j>opIX't for steam . . 


• 


21*5 



FAGB 

\'al ves icont in utd i : 

pump di-ocl large valves . . 24S 
pump valves gene rail \-, 240-24 S 
seats for piunp valves, 

241-242-243 
steam valves a<'ross cylin- 

<ler heaii> 

standani pump valves . . 
steam engine. Ilumphn' 
Potter 



152 
111 



11 



W 



Water pa.ssages: 

few simple principles of . . 240 

generally 240-248 

im|Kirtance of easy flow 

thniueh 240 

Water ram: 

effects of 272 

Water supply: 

various systems of ... . 6 
Watt. James: 

date of birth 1? 

methocls 13-14 

monument in Westminster 
Abbv 

principal elements of his 
engine 

IM»rtrait of - frontispiece. 

pumping engines . . 17-20-21 

s|x»cifiratio::s for engines . 14-l(i 
W.x.lf: 

his engine IG 

Wortliington: 

cros.s heads of pumping 
engines . . 303-304 -.30.V-309 

cut of high duty engine . . 113 

cut of original engine ... 107 

duplex engine, 

30-31 I0t>-1 1.5-1 17-122 



19 

IS 



v 



Ilenrj* R., ix)rtrait of 


. 108 


high duty engine . . . 


31 


later high duty engines . 


. 117 


low duty triple . . . . 


. 117 


numl)er of enirincs . . 


. 1 22 


reconl of durability . . 


. 115 


Vertical engines .... 


. 119 




*V- 




H-^ 



